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This book of exercises is intendoii tnr use in connection with 
fbe author's book on ''Plane Surveying." Part I consista of 
i in field work grouped according to the nature of the 
iWoit. Part H consists of exerciaea in office computations and 
plotting. (See page IIQ.) The whole constitutes a thorough 
introductory course in fundamental principles and methods. So 
for ae the author is aware, this is the first attempt to offer a 
ocllection of problems in both field work and office work, and 
t book of exercises to be published for use in connection 
irith a text-book. 

The author is convinced from, his own experience that the most 
^ective course in field work is not that in which the chief aim 
ji to make a complete survey of a more or less extensive territory. 
On the contrary, much time may be lost in undertaking work for 
li the student is not prepared, and still more may be wasted 
ID requiring the student to repeat the same kind of work day 
after (iay merely to cover a given amount of territory. It is far 
o begin with a S3^tematic course of exercises which shall 
serve not only as a prehminary drill in the use of instruments, 
but also as a careful study of the various methods which underlie 
&U surveying. Not only will the student be better prepared for 
Bubeequent courses in municipal, minii^, railway and geodetic 
purveying, but the effect of sucfi a thorough introductory course 
be felt after graduation in whatever kind of surveying he 
may be engaged. For this reason such a course may well extend 
over the first two college years. 

A feature of this book will be found in the questions suggested 
for disouasion at the end of nearly every exercise. Some years 
ago the author adopted the practice of holding quizzes in the field 
In connectioD with each new piece of work. For example, an 
inatructor has cluuge of a small squad of men to whom problems 
(n chaining have been assigned. As soon as tlie work is finished, 
ihe gathers his men about him, and questions them on various 
Boatters pertaining to chaining, such, for example, as the use of 
the steel tape, tho sources of error, different methods of doing the 
work just completed and the advantages and disadvantages of 
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theae methodH. In some other part of the field another instructor 
may be holding a similar quiz on leveling or on transit work. 
These quizzes, if properly conducted, often develop into interest- 
ing discussions in which many important pointa are brought out 
that would entirely escape the student it he were merely required 
to do the field work assigned. Moreover, the student may be 
expected to take hia test-book into the field with him, and to 
spend such spare time as he may have in looking up 
questions which he knows will be asked at the end of the 
A great deal of the recitation work usually held in the claBS-room 
will be much more effective if it ia transferred to the field in this 
way. If, however, it is found inexpedient to hold these quiiszea 
and discussions io the field, the questions ja&y still be useil by the 
earnest student to develop his knowledge of tlie subject. They 
should prove particularly valuable to young men in practice who 
are seeking to perfect themselves in the art of surveying. 

In most courses it probably will be found neceBsary to omit 
some of the exercises given in tliia book. It is suggested, how- ■ 
ever, that the student be held responsible for answers to the 
questions in the omitted exercises, and that, if possible, these 
queations be made a basis for elasa-twinv disCUflsien. 

Unless otherwise stated, all paragraph and page references are 
to the author's text-book and not to this book. 

JOHN C. TRACY. 
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Exercises in Plane Surveying. 
PART I. 

FIELD WOEK. 

GROUP E. 
INTRODUCTORY EXERCISES. 

I aiofltf-Htroke Iet1«rius is inserted for the benefit of Btudcnta who have not 
bpd & Hyateiaa.tic couree ld fre«hapd Lettering. 

EKercbte El. 

Deflnittons, Fundamental Principles and General 
methods. 

Reference: Chapter I, pp. 1-S. 

QuesHons: 1. What is meant in geodesy by tile earth's aur- 
Face? p. 1, 2. When ia it necessary to make tliis distinction 
In ordinary surveying? 3. What is the shape of the earth's 
BUrface? 4. What ia the average radius? 5. What is the 
difference in lengths between the long and short axes, expressed 
in milGsT 6. What is meant by sea--level, and how can it be 
determined at any given place? 7. Define horiEontal plane; 
Vertical plane. 8. What is the difference between a horizontal 
plane and a level surface? 9. What is the significance of the 
"plane" and "geodetic" as applied to surveying? 
p. 2. 10. What 13 the approximate curvature of the earth's 
per mile? II. How large an area may be covered by 
methods of plane surveying without involving appreciable 
12. Give the approximate difference in length between 
jn the earth's surface and a straight line. 13. What 
our kinds of mcasiu'ements are made in plane surveying? 
(Illustrate by means of a sketch.) 14. It a farm is on a side 
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hiH, would a map of that farm show llie actual area of the surface? 
15. What are the units oi linear measurement used in surveying 
in the Unitpil States? p. 3. 16. What are the imita of angular 
measurements IT. In m-tking certain kinds of surveys, as 
for example, a survey fi»' aa architect, is it ever cuatomarjr for 
the Burt-eyor to mfasure in feet and inches? IS. What is a 
ennvenienl methodof converting; hundredths of a foot to fractions 
of an inch? 19. From the table on page 650, change 6 feet 
41 inches to feet »di1 decimals of a foot. 20. What is the 
atandanl yard? p. 3. 31. In this country where may a steel 
bipe be sent to be compared tritli a etandard length? p. 561. 
21. What is the equivalent of one metre in feet? p. 3. 32. What 
is the equivalent of one vara in inches; 23. What other units 
of measurements are sometimes used? 24. Why was 66 feet 
adopted as the length of Gunlcr's chain? 25. How would you 
record eight chains, six links? p. 33, S 49. 26. Reduce sixty 
linbs to feet? 27, Explain the method of locating a given 
point with reference to two other points by linear measurements 
only. p. 4. 2S. Explain two methods of locating a point by 
angle and distance. 29. Explain the method of locating a 
point by angles only. 30. Explain two other methods of 
locating a point. 31. Into wliat three parts may the woric of a 
surveyor be divided? p. 5. 32. Of wliat does the field wot4c 
consist? 33. Of what does the office work consist? 34. Nam*- 
some of the important questions in surveying which s 
connection with field work. p. 6. 33. Explain by differeBS 
illustrations how the purpose of a survey helps to ' 
of these questions. 36. What can you say regarding limiH 
of error and consistent accuracy? p. 7, 37. Upon what do« 
speed depend? p. S. 3S. How does system in surveying di 
the chances of error? 
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Exercise E-3. 
General DlscuHHlon of Errors. 

R^erense: Chapter II, pages to 19. 

Qiiestions; I, What ia the true error of any measurement? p. 9. 
2. Why ia the true error never known? 3. In general, what are 
the three sourcea of error? 4. What are the three claaaea of 
error? 5. Exphiin carefully the difference between constant 
errors and accidental errors, p. 10. 6. Can the constant error 
involved in any measurement be reduced by repeating the 
measurement a number of times and taliiug the mean of all the 
meaaurementa? 7. What ia the object in repeating the meaaure- 
mmts and taking the mean? 8. Give a few illuBtrationa of 
what is meant by mistakes; accidental errors; constant errors? 
9. Why may variations in sources of constant error be classed 
as accidental errors? p. 11. 10. How may constant errors from 
different sources tend to balance each other? 11. How may 
constant errors from the same source tend to balance each 
_ other? 12. Explain the difference between cumulative and 

mpensating errors. 13. Explain the difference between 
WiBcrepancy and error. 14. How can the discrepancy between 

measurements be small yet the error large? p. 12. 15. What 

1 you say as regards the elimination of constant errors? 
, How may mistakes be eliminated? 17. Illustrate how 

mnstant errors may be eliminated. 18. How may accidental 

firrora be reduced? p. 13. 19. What can you say as regards the 

relative importance of errors from different sources? 20. What 

ia meant by an appreciable error? 21. What ia the most 

probable value of a quantity, when several meaaurementa have 

been made of that quantity? 22. When the sum of several 

meaBurements should equal the exact quantity, how is the (rue 

error distributed? p. 14. 23. If the true error of a measurement 

is never known, how can the error of 1' or 60", in the illustration 

^Ita page 14, Case 1, be called a true error? 24. Explain by 

^^Uatration how the discrepancy should be distributed, when 

. of several measurements should equal some other 

nent. 25. Why, in Case 2, p. 14, is the term "diacrep- 

" used instead of "error"? 

i QuealionB on the Method nf Least Squares: 20. What uae is 

: of the method of least squares? p. 15. 27. Upon what 
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asBumptioQ is this method based? 28. How do the conditions 
in pmctioe differ from those of the asaumptionT 29. What 
effect haa this on a, most probable value of a quantity as deter- 
mined by the method of least squares, and how may the prob- 
uble vulue be made to approacli the true value? 30. Define 
residual; probable error. 31. In surveying, what use is roade 
of most probable values; probable errors? 32. lUustrate how 
by comparing the proliable errors of the means of two sets of 
observations, the precision of one mean may fae compared with 
that of tile other, p. 16. 33. Explain the use made of the prob-J 
able error of a single observation. 34. How can the weight|fl 
which should be given to different sets of observations be foun^H 
from the probable errors? 35. Upon what three aaaumptionff* 
are the formulas for calculating probable errors based? p. IT. 
38. What additional point should be kept in mind? 37. In 
order that probable errora may be of any significance, what 
precautions must be taken? (See Remark, p. 17.) 38. Two 
chainraen measure a line six times with the following results 
in feat: 314.124, 314.130, 314.133, 314.128, 314.136, and 314.131, 
Two other chainmcn measure the same line with the following 
reaultfl in feet: 3H.134, 3U.124, 314.138, 314.122, 3H.I31, and 
314.122. What is the relative precision of the work of the 
two pairs of chainmen? (See illustration, p. 19.) 3D. An 
angle is measured with a transit eight different times. The 
degrees and minutes being the same but the seconds varying as 
follows: 20", 40", 3r, 10", 20", 50", 30", and 40". The same 
angle was measured with another transit with the following 
result: 40*, 20", 20", 30°, 40°, sr, 30*, and 40". Other thinga 
being equal, which is the better instrument? What degree of 
precision may be expected for each instrument in measuring a 
given angle imder conditions fimilar to those prevailing wheqa 
the above angles were measured? 
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Exercise E-3. 
General Discussion of Field Notes. 

Reference: Chapter III, pages 20 to 30. 

Quesliong: 1. What are field notes? 2. What can you say 
reg&rds methods of keeping aoteB? 3. Give general sugges- 
tions tor keeping notes, p, 21. 4. Into what three parts may 
field notea be divided? 5. Give general su^eation for record- 
ing niunerical values, p. 22. 6. Give general suggestions for 
malring sketches, p. 23. 7. Give general suggestions concerning 
explajiatory notes. 8. What style of lettering should l)e used? 
p. 24. 9. What is a good height for letters? p. 2fl. 10. How 
should the letters be spaced? 11. Give additional suggestions 
for taking notes, p. 29. 12. Discuss special directions for class 
wcdc p. 30. 



Exercise E-4, 
Single Stroke Lettering. 



I Reference: Article 38, pages 24 to 30. 
Diredions: In this exercise use a 4H pencil and smooth white 
paper with hard surface. Sharpen the pencil to a fine point. 
At first, draw a bottom guide line for letters; later, practice 
lettering without a guide line. In forming the various letters 
and figures pay particular attention to the direction and sequence 
t. of the strokes in each letter and learn the peculiar characteristics 
E each. The stem of a letter which extends above or below 
B body of the letter should not be made too long — a conunon 

take. 
(o) Print the entire alphabet of lower ease letters, grouping 
I five group.s ; adgq, bp, ceos, hmnu, and fijklrtvwxyi. 
B^^e p. 2S.) Repeat this exercise several times. 

(6) Print the capital letters of the alphabet, grouping them as 
JfoUows: EFHIKLMNTZ, AVWXY. BPR, CGOQ, and SJDU. 
■{See p. 28.) Repeat this exercise several times. 

(e) Practice making the numerals from 1 to 0, (See p. 27.) 
(rf) Rule bottom guide lines about a quarter of an inch apart, 
1 print in single stroke lettering, with the letters spaced as 
*ely together as possible, the introductory note on page 
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dagTM nt preabiDn, Tbe remuaiaB eierciBiH iovolvs special problimi in 
ohldiliDg. most □( wbich ore based oa »ell known geometric conatniction. 
If It to nKOsury (o omit any of tbae latter probletds in the field, ttae 
omltlad probleiiu nuty be (iven in the clHra-mim ■■ blaclilMard exeraiiH, 
■od Uie oomaiKiDdiiig auestions diecussad bv the oUsb. 

Exercise C-l- 
Beading a Cbain Tape. 

Re/irtneet: Page 32, H8; p. 33, 5 50 (a) (b) (c) (d). 

Equipment: Chain tape and chain pins. 

Directiemt: 1. On a level piece of ground, stick two chain pina 
Kt random about 50 feet apart. 2. Measure the distance between 
these two pins to the nearest tenth of a foot. 3. Repeat the 
measurement, the two chainmen interchanging positions. 

Questions: 1. Why should the chmnman at the end of tbe 
tape make the final reading? | 50 (c). 2. Why should the other 
ohainman read the number on each side of the required reading? 
p. 33. 3. What kind of tape may be used to render these pre- 
cautions unnecessary? § 50 (d), 4. Does the surveyor use 
decimal parts of a foot or inches? p. 3. 5. When would it be 
desirable to use a tape graduated to inches? 6. Are linear 
measurements in surveying ever made along an inclined surface? 
p. 2. 7. Wliat ie the equivalent of one vara in inches? p. 3. 
8. What is the equivalent of one meter in feet? p. 3, 9. What 
other units of measurements are sometimes used? p. 3. 10. Why 
was 66 feet adopted as the length of Gunter's chain? p. 3. 
11. What is a convenient method of converting hundredths of a 
foot to fractions of an inch? p. 3. 12. What is the difference be- 
tweenGunter'fichain and an Enpneer'achain? p. 559. 13. How 
would you record 10 chains 7 links? p. 33, § 49. 14. Compare 
the three kinds of tapes, p. 559. 15. What are the relative 
merits of a chain and a tape? Remark, p. 33. 15. Describe the 
different kinds of steel tapes, aad the standard methods of gradu- 
ating tapes, pp. 660, 561, 
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Chaining Distances Greater than the Length 
of the Tape. 

-.es: Page 34, § 50 (e) and (f), | 51 and J 52; p. 37, § 6B, 



Equipment: Two range poles ; Ktccl tape and chain pins. 

Directions: I. Ascertain just what points to take for the ends 

f the tape. 2. Set two chain pins about 300 or 400 feet apart 

n comparativoly level ground. 3. Chain the distance between 

Vt&ese two pins. 4. Repeat the measurement, the two chainmen 

Eijntercfaanging positions. By means of the tape tables on pages 

148 and 49 ascertain whether the discrepancy between the two 

s indicates poor work or good work. 



usually (I 






lo pulliui 



Queationa: I. What is the approximate pull used in ordinary 
chaining? p. 42, 5 05. 2. Why should the pins be stuck at right 
angles to the line? 3. How are the pina used to keep count of tape 
lengths? 4. How can the head chainman keep himself approxi- 
Lsoately id line? 5. In accurate work what precaution should be 
piaken after each pin is stuck? p. 37, S 56 (12). 6. It there is a 
■light difference between the first and second measurements of the 
Sue, what is this difference called? p. 11, § 20. 7. If this dis- 
tarepancy is small, is the error of chaining necessarily small? 
I. 11, IS 20, 21. 8. If the tape used in meaauring is too long or 
o ahort, is this a source of constant error? p. 10. 9. Are the 
1 from sticking the pins accumulative or compensating? 
I. II, also p. 42, 1 66. 10. If in lining in, pins are set as much as 
pinches first one side, then the other of the fine, will the resulting 
r be comparatively large or small? p. 41, § 63, p. 51, J 7G. 
pi. How may the error in chaining be expressed by a ratio? 
19, i 68. 12. If a line is measured with a taps that is too long 
Pvrill the result be too long or too short, and what is the correspond- 
ing algebraic sign? p. 39, 5 59. 13, What are some of the things 
ftchainmanshuulddo? 14. What are some of the things a chain- 
man should not do? p. 3S. 15. If in chaining a fine AB whose 
true length is 400 feet, the first pin is &tuck 18 inches to the left 
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1 IN CHAINING. 

of llio linn, thn inoond pin 10 inches to the right, the third pta2t' 
iiirliiiH to t)iu right, what woufd be the difference between the true 
li'iilftli utid Iho measured length oi AB, provided no other crroi* 
iir'i irivnlvodT IQ. If in measuring along a line the end of tha 
ta]ii< Hhniilil full ut & place where a pin cannot be stuck, as, for 
B«iirii[il(i, ill lh(> middle of a brook, how would you proceed? 

Exercise C-3. 
Chalnlns on a Slope. 

Ite/fTfwti: 1'k«o :(5, j S:). 

liiluijniwiU: HU'ei tiipr, chain pins, range poles, plumb bob. 

hireclUin*: 1, Mcinsnre tlic distance between two points od S 
i'iiiii|jarutlvr'ly st^wp slope by the second method, page 36, woitcr- 
Irift <liiwn hill. 2. llopcat the tneasureraent, chaining agaU 
dowri iiill, but the two chainmen interchanging positions. 3. 'Bf. 
Iileunii uf lliD tulilna on pages 48 and 49. ascertain whether tiM 
fUuirnpnnry iKttWunn the two raeasuremente indicates woric tiut 
In «KOellalil, Kuod, fiUr or passable. 

Bugtuliuni: [, Pny riiMJul altentinn to thrDvlnsthe weight of (he bodr 

Uiliuit th« urn In hnldlhf tbe dnwu-hill end of the Caiw. p. 36. 3. If tbe 

pja la ituok iiprlghi it imarrrm with the plumb bob — one reawn for Bliok- 
ina It In •la.nlliii M riabt biikIw Io tlie line. 3. A commoa cmr is the hold- 
Ina of Ibe iliiwn-hill ami of ihs upe Uw low. The instructor, (landing 
opputlto the mlildia of 111* Uipc, should HBtch this at first. 4. Three men 

Qutttwn»: 1 , Why is it better to chain down hill than up hill? 
'i. If alirLt-is chained uti the slope insteaUofinhoriKontalstretches, 
how niuy tho rcniilt be corrected? Page 35, % 53 (a). 

Exercise C-4. 
Standardizing the Tape. 

Rnfenmeet: Pages 30-44 and p. 5(11. 

Erpiipme/iU Stflel tape to be tested ; scale, spring balance, tura- 
bucklee, thermometer, magnifying glass. 

Directions: Assuming that a permanent standard has already 
been established, proceed as directed for "Testing the Tape," 
page 662. 2. Repeat the test two or more times. 

Sutmalion! Sometiima in plitce of a permiineut alandnrd siiirh an that 
dnoribed on page 5fll. the tape is compared witli a Btaticiard tape ol known 
length, kept for that purpose. 
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FORM OF NOTEB. 



Questions: 1. What are the usual standard temperatures and 

f standard puUa for a 100 foot ateel tape? Pages 561 and 42. 

1 2. Whatia the average change in length for each 15 degrees change 

ll' in temperature? p. 40, § 62 (a). 3. What is the average change in 

|.lengthperl5pouad8pull? p. 43,569 (7). 4. Wherecanatape 

f besentforstandardizing? p. 5(11, 5. Whataresomeofthecondi- 

tions to be fulfilled in any device for Htandardizing tapes? p. 561. 

6. What was the object in using a steel strip for the standard of 

the Boston Water Works? p. 562. 7. A line measured with a 

100 foot tape is found to be 826.34 feet long. What was the true 

^length of the line, (a) if the tape was 100.024 feet long? fb) if the 

i 99.87 feet long? 8. Required to lay off the distance of 

4 feet with a tape (a) 100.04 feet long; (b) 99.9 tect long. 



Exercise C-5. 
Experiments with a Steel Tape. 

ncea: Page 40, S 62 (c), p. 41, § 64. 
Equipmevi: Steel tape, scale, spring balance, turn-buckles, 
Vtiiermometer, magnifying glass, 2 plumb bobs. 

Directions: 1. Perform the cTperiment of § 62 (c), p. 40. 

■3- Test the length of a, tape first under a 12 pound ptiU, then 

r under a 20 pound pull. Repeat several times. 3. With the 

ends of the tape supported a short distance above the floor or 

ground, the rest of the tape being unsupported, find the tension 

required to make the tape of standard length. Use plumb bobs 

to mark the ends of the tape and turn-buckles to hold the tape 

L steady at the standard pull. 

Queitiont: 1. A line measured in summer with a 100 foot 

1° F. temperature, 12 pound pull is found to be 438.945 

1; long; measured again in winter at a temperature of 10° F., 

with the same tape and same pull, what should be its length 

htape supported in both cases on level supports)? p. 40, § 62. 

, A tape is 100 feet long, i inch wide, iJo inch thick and weighs 
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.0005 pouttds per inch; standard at 62° F., 12 pound pull, A liiw 
measured when the temperature is 90'' F. and the pull 20 poundi 
with the tape supported at the two ends only is found .to be 93.il 
feet long. Required the coirerted length of the line. 3. Com- 
pare th<! pull required to balance the sap as obtained in the third 
experiment above with that obtained theoretically from the for- 
mula at the bottoia of page 41, using the tape described i 
preceding question. 

Exercise C-S. 
Measuring a Base Line. 

Rt/emux*: Pagp 57, 5 82. 

Equipment: Steel tape, sc^e, spring balance, thermometet, 
magnirying glass (if deeired a tum-buckle device for stretching 
the tape). 

LUrectioiis: 1. On a level stretch of ground set stakes with 
their tops on a level, making a lice Eeverul hundred feet long. 
Measure the length of this base line a number of tinies as direct^ 
on pa^ 57, 2, Find the probable error as explained ou paf;e 58 
(read also pp. 15-19). 

SntfifHlionj*: As it will r«iiuln CDnai<lerabl« Cimv to set stakes. thiA m 
donv ono0 for hU »Dd the dAme sEakes med by difftrebt sguoda. 

QueMiorts: I. What should be the maximum discrepancy 
between two measurements of a line 1000 feet long, that the worb 
may be classed as excellent? pp. 4S, 49. 2. Is alatge error mc 
likely to occur from a variation in temperature or a variation 
puU? p. 43. 3. Give the relative importance of different sources 
of error, p. 43. 4. State some of the requirements correspond- 
ing to a ratio of precision of 1/50000. p. 51. 5, When it ie 
impracticable to set stakes with their tops on a level, how would 
you proceed? p. 57. 6. How can tripods be employed in cl 
ing a base tine through thick imderbrush? p. 58. 7. Skel 
device for supporting and stretching a tape. 8. Give ideal con- 
ditions for base line measurement. 9. What is the object ia 
having the end of the tape fall on a different stake each time f 
is chained? 10. Describe other apparatus tor measuring 
linea. p. 191. II. Give some practical suggestions for Betting 
Bupporting stakes, protecting end hubs, etc. p. 57. 
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Exercise C-7. 
A Chain Survey of an Irregular Polygon. 

Reference: Page 66, § 80. 

Equipment: Chain or tape, chain pins, range poles, plumb bob. 

Directions: 1. Set 5 stakes at random, forming an irregular 
polygon each ade of which is at least 150 feet long. 2. Survey 
this polygon with a tape as explained on page 5^. 3. Compute 
the area of the polygon by finding the area of each of the trianglea 
into which it is subdivided from formula 12 on page 408. 



e plot of 1, 






. The 



Field Notes; I. A sketch showing all measurementa. 
computations for areas neatly arranged. 

Questions: 1. How can the angles of the polygon be found 
from the original measurements? 2. Give the general method 
for making any chain survey, p. 56. 3. If in the survey shown 
a Fig. 80, p. 56, it were impossible to see all four comers from any 
me station, how would you proceed? 



To Chain from a Given Point over the Brow 
ot a Hill to Another Point. 

Reference: Page 55, § 79. 

Equipment: Tape, chain pins, sight poles, plumb bobs. 

Direction: Set two poles, one over the brow of a hill from the 
I other, and chain the distance between them, as explained on 
r page 55. 

Questiong: 1. Give two methods of "ranging in" when a valley 
renes between the two points, p. 56, 5 79 (c). 2. Give the 
I method of chmning over a high wall. p. 54. 3. Give a method 
I of chaining a line between two points when woods intervene, p.64. 
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Exercise C-8. 

lAjing Out a Right Angle with a, Tape b^ 

the 3-4-5 Method. 

Reference: Page CO. 

Equipment: Tape and chain pins. 

Directions: 1. Set two pins in the ground 80 feet aptkrt and 
with this line as one aide, stake out an 80 foot square. 2. Check 
by measuring the two diagonals of the square. 

Field Notes: Moke a sketch showing each distance measured or 
lud off and the discrepancy between the two dia^nals. 

QuMtioTi*: I. Explain the difference between the methods of 
laying out a right angle with a cloth tape and with a steel tape (a 
100 foot tape being used in each case). 2. How would you lay 
off a right angle with a 50 foot tape7 3. If one diagonal of a 
square as staked out is longer than the other how would you pro- 
ceed to correct the mistake? 4. If the two diagonals are exactly 
equal, does this necessarily prove that the siiuare has been staked 
out correctly? 5. How closely should the lengths of the two 
diagonals of an 80 foot square agree to indicate good work? 
6. How would you proceed to stake out the house on page 210, 
using only the tape? 

Exercise C-10. 

To Erect a Perpendicular nlfh a Tape at 

Any Point in a Line. 

Reference: Pages 61, 82 and 63. 

Equipment: Tape and chain pins. 

Directions: 1. Set two pins at random and at one of them erect 
a perpendicular to theline between them by the method of § 85 (b), 
p. 61. 2. Check by the 3-4-5 method. 

Field Xoles: Make a sketch showing all measurements. 

Qtiealio-ns: I. Whatis the difference between the methods used 
for geometrical constructiouB in drafting and those used for 
the same constructions in chaining? Illustrate by sketches. 
2. What method in chaining corresponds to erecting a perpen- 
dicular by intersecting arcs and how may the perpendicular 
erected by this method be checked by the use of thesanie metliod? 
p. 61. 3. Illustrate, by sketches, methods of dropping a perpen- 
..^OUlar to a given line from any given point, p. 62. 
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Exercise C'll> 
To Bun One Line Parallel to Another Line. 

Reference: Page G2 and page 6H. 

Equipment: Tape and chain pins. 

Directiona: Assume throe points at random and through one of 
them establish a line pnrallel to the line between the other two, 
using two (lifTerent methods. 

Fidd Notes: Make a sketch showing all measurements. 

Question: Discuss the advantages and disadvantages of the 
three methods given oii page G3. 

Exercise C-12. 

To Measure between Two Points when a Corner 

of a Building Intervenes. 

Reference: Page 64, J 87 (a). 

Directions: 1. Assume two points at least 40 to 60 feet apart 
and imagine a comer of a building to intervene. Find the dis- 
tance between the two points by one of the methods explained on 
page 64 and obeck the result by the other method. 2. Check 
also by a direct measurement. 

5u«pealion.' Having rompleleil the pxercise nilb an imaeinary □bslacLe, 
is well to nptut the work with the comer uf a real buildinR interveniae 
stween [he two ^vm points. 

Field Notes: Make a sltetch showing all measurements made 
during the exercise, and the Snal results. 

Exercise C-13. 
To Measure to an Inaccessible Point. 

fle/erence.- Page 64, ^ 87 (b). 

Equipment: Chain and chain pins. 

Directions: 1. Set two stakes or pins about 200 feet apart. 
1-2- Find the distance between the two points by two different 
methods. 3. Check results by direct measurement. 

Questitms: 1. Could the methods used in transit work (p. 222, 
1 277 (o) ) be used in chaining? 2. Explain at least two other 
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14 EXERCISES IN CHAINING. 

niplhoda that might bo used with a tape. J 87 (c). 3. Deacribei 
roii|;h method of measuring tbe height of an inaccessible point. 
i 87 (d). 4. Describe at leuft two metlioda of prolonging a 
stritight line tlirough an obstacle using only the tape. p. 66. (If 
tittle jwrmita this may he done in the field aa an additional exer- 
cise.) 5. Show by a sketch one method of measuring between 
two inaccessible points. J 87 (e). 

FieidNolea: 1. A sketch showing all measurementa. 2. Arith- 
metical work neatly arranged. 



Exercise C-H- 

To MeaHure the Angles of » Triangle with 
a Tape. 

Htfertnces: Page 63, § 80, and pages 45S-460. 

Kquipmeni: Tape and chain pins. 

Directiom: Set three atakee or chain pirn at random to form a 
triangle with no side less than 100 feet long. 2. Measure each 
interior anglo of the triangle vrith the tape using the tang§nt 
method. 3. Repeat the problem using the chord method. 

Saagntliont: 1. Take b naiiuriiLbly laog distams lor tlie bus in the 
titncgnl meiliod nnd [he radii in tha chord mothod. 2. Pay pHrlicuIor 

Fitid Notes: I. A sketch of the triangle showing all measure- 
ments for the first method; a similar sketch for the second method. 
2. All arithmetical work neatly arranged. 3. A comparison of 
results of the first and second methods. 4. Actual error in the 
sum of the angles. 

Questions.- 1. Illustrate how to measure angles of various sizes 
from 0° to 360° by the tangent method; by the chord method. 
2. Wliat is the most convenient base or radius? 3. Upon what 
does the accuracy of the tangent method depend? 4. When is it 
advantageous to use the chord method instead of the tangent 
method? 6. Explain the sine and cosine method, p. 63. 
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A Chain Survey of a. Plot of Ground with Irrogular 
Boundary Lines and Containing Buiiding^i, 

Refarenceg: Page 56, | 80, also pp. 138 to UO, 

Equipment: Steel tape, chain pins, stakes, htitchet and range 

Directions: Make a, survey of a small plat of ground in which 

me of the boundary lines are curved or irregivlur. There should 

aieo be some buildings to be located. Establish a network of 

triangles for reference lines aa explained on page 56, § 80 (c), aud 

locate the different details as explained on pages 138-140, 



each method illuatraled by aketcbea on the blackboard or ia Che 

Field Notes: 1, A complete sketch sho-wing all measurements 
a the field. 2 Coraputaticns for area, neatlj arranged 
Questions: 1. Give the methoiia of locating a point from two 
I points by linear measurement only p 4 2 Evpl^un 
method of locating a bmldmg by means of offsets p 158 J 1^^ (■J-) 
Explain the method of locating a. regular curve by offsets. 
198 (b). 4. Explain the method of locating an irregular out- 
pine like the bank of a stream, by linear measurenienta only. 
S. What three points must be kept in mind in using the offset 
nethod? § 198 (d). 6. Explain the "plus system" often used 
a the offset method. Nate, p. 139. 7. Explain how to locate a 
building by three measurements, one of which is a tie line, 
figure 199 (a). 8. Is it necessary that the tie line should Imve 
ne end at some point on the building? p. 140. 9. Explai 
3 locate Hi building by two pairs of intersecting measurements. 
Figure 199 (b). 10. Explain the use of tie lines in getting the 
directions of fences. 5 IfW M- H. i^"'" '"ay the area of the 
plot surveyed be computed? pp. 410-41-3. (If time permits, 
pompute the area of the plot surveyed.) 
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Exercise C-ie. 
Discussion of the Errors In Linear Measurements. 

References: Chapter V, pages 39 to flS. 

Queglions: 1. What are the four general eources of error Id 
chaining? p. 39. 2. How is an error expressed byaratio7 3. If 
u, line is mcaaured with a tape that is too short, will the result be 
too short or too long, and what is the corresponding algebraic 
sign? 4. Why is the error in the length o! a chain likely to be 
relatively greater than that in a tape? 5. Show by an illustra- 
tion how to apply a correction for an error in the length of a 
tape when chaining between two points; when laying off a 
given distance, p. 40. 6. How can an error due to the tapp 
not being horizontal be eliminated? 7. When is the error due 
to temperature plus, and when minus? S. What is the approxi- 
mate change in the length of a 100-foot steel tape for a, change 
in temperature of 90° F.! 9. When should t<3mperature lie 
taken into account and when not? 10. What precautions are 
often taken in base line measurement to eliminate the error due 
to temperature? U. What approximate rate of change msiy ba 
remembered for a 100-foot tape? 12. If the length of a ci^ 
block is measured in summer and then again in winter with tbi 
same tape, what discrepancy due to change in temperatun 
may be expected? 13. Describe an experiment which migf 
be tried to show the elTect of a small change in temperatuW 
upon the length of a steel tape. H. What is meant by ths 
error in alignment, and is this source of error relatively important? 
p. 41. 15. In ordinary chaining, is it necessary for the transit' 
man to line the chainman in with the instrument? 16. Is an 
error due to sag plus or minus? 17. What three wa^ are thew 
of eliminating the error due to sag? 18. How may the errorilue 
to uneven pull be eliminated? p. 43. 19. How may the errors in 
marking tape lengths be reduced? 20. In what kind of work is 
this source of error the greatest? 21. Name four common 
mistakes made in reading tapes. 22. In extremely accurate 
work, what precautions may be taken in reading the tape? 

23. Summarize the eleven sources of errors in chaining, p. 43. 

24. From what two sources arc errors coropenEating? 25. What 
errors are always plus? 20. Discuss the relative importance 
of the sources of errors, pointing out from which sources impor- 
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«nt errors are moat likely to occur, and what sources may 
be neglected in ordinary work. 27. In judging the relative 
importance of errors, what points should be kept in mind? p. 44. 

28. What largely determines limits of error in a givea survey? 

29. Should all measurements in the same survey be made with 
equal care? 30. In general, what distances should be measured 
carefully and what less carefully? p. 45. 31. What are some 
of the conditions that affect the accuracy of chaining? 32. If 
the accidental errors amount to 0.02 foot for 100 feet in using a 
100-foot tape, what would be the probable error in measuring 
a line 900 feet long? 33. Give the general rule for finding the 
probable error. 34. Why is not the discrepancy between two 
measurements of the same Ijne affected by constant errors? 
35. If the discrepancy between two measurements of the length 
of a tape is 0.01, what is it likely to be between two measure- 
ments of a line sixteen tape lengths long? 36. What can you 
say regarding the value of the formula at the top of page 46? 
37. Discuss the remark at the top of p.^e 46, and explain why 
the last sentence in that remark is true. 38, Explain the 
first method of determining a coefficient of precision for chaining. 

39. Explain a method which may bo used tor ordinary chaining. 

40. A line is chained twice under favorable conditions, measure- 
ments being made with an ordinary chain, plumb-bob, chain- 
pios and average speed. The two results were, respectively, 
618.1, 61S.3. Would the work be classed excellent, good, or 
fairlygood? (See Table 1, p. 4S.) 41. If a steel tape had been 
used in place of a chain, other conditions being the same, what 
would be the allowable discrepancy in good work between the 
two measurements in the preceding question? 42. Apply 
Table 2, page 49, to questions 40 and 41. 43. Explain how the 
table on page 51 may be used to indicate the precautions which 
are necessary to attain certain degrees of precision, p, 52. 
44. Discuss the matter of combining errors from different 

p. 62. 
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Setting up a Transit. 

References: Pages 84-89, §5 109-115. 

Eqaijrme-nt: A tranait for each student, or aa many transitfl 
are available. 

Directions: 1. Set tip the transit on comparatively levet 
ground, paying special attention to the suggestions on paj 
2. Repeat the work, selecting a place on a side hill. 
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Queations: I. Give some of the precautions to be observed (i 
in the use of clamps and ecrews; (b) in the treatment of lensa 
(c) in standing a transit up on a door. p. 84. 2. Give ptt^ 
cautions taken in carrying a transit, p. 85. 3. Give c 
precautions, pp. GO7-ti09. 4. T^e a sUding knot as described at 
p. 85. (If the knot elides too freeiy, take an extra, turn of Qt 
string about the hook.) S. How are the crosa-haira brought li 
focus? p. 85. 6. Give the rule for focusing the object glasa (M 
distant objects, p. 8G, (If desired, the theory of lensM 
(pp. 545-549) and the construction of the telescope (pp. 549-£58 
may be studied in connection with Questions 5 and 6.) 7. Qi* 
suggestions for sighting the telescope. p,85,§ 111. S. Giveoc 
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I practicral Biiggeetioiis for manipulating the tripod, p. 86, |§ 113, 
9. Give BUggeations tor leveling up. p. 88. 10. Explain 
1 how the telescope level is sometimea ueed for leveling up. p. 89. 
I II. It the plumb-bob is as much as J to J^ of an inch ofT the taok, 
B how much will this affect an angle if sights are 450 feet long? p. 89 
dp. 105, I 147. 12. Give some points to remember in leveling 
^p. p. 89, § 115. 

Exercise T-2. 

Prolonging a Straight line. 

Reference: Pages 90-93, §S llfi-122. 

Equipment: Transit, hatchet, and stakes. 

Directions: 1. Set two stakes at random, at least 300 feet apart, 
in such a place that the line between them can be prolonged 
another 200 feet, 2. Set up over the end of the line to be pro- 
longed, and set a third stake in line about 200 feet away, using the 
naethod of double reverae. p. 92. 3. Set up over the other end of 
the original line and see if all three stakes are in line. 
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Field Notes: A short statement of the work and of the dis- 
crepancy, if any, found in. the final check of the third step above. 

Queations: Define backsight, foresight, permanent backsight, 
and permanent foresight, p. 90. 2. Explain the use of the upper 
and lower clamps and the corresponding tangent screws, p, 91, 
S 119, pp. 563-5(16. 3. Give signals for fining in. p. 146. 4. Ex- 
plain the method of reveraitig in azimuth and altitude; what are 
other synonymoua terms? p. 92, 5. In setting up to prolong a 
Btrai^t line, what precaution may be taken? p, 89 (14); also 
note, p. 92. 6. What four methods are there for prolonging a 
(liBe? 
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Exercise T-a. 
Balancing In a Transit. 

References: Page 93 and page 201. 

Eqaifrmini: Transit, hatchet, stakes, and sight poles. 

Direcliojig: Set two stakes several hundred feet apart, : 
baknce in the trun^t about half way between them as explained I 
on page 201. 2. When the transit ia apparently an line, test b; 
the method of double reverse. 



Beading the Limb of a Tran»ilt. 

References: Pages 67-75. 

Equipment: A transit tor each student, or as many ti 
are available. 

EHrections: 1. Clamp the plates of a transit at random, i 
the number of degrees (clockwise), estimate the number 4 
minutes, and record the total reading. Pay tto atierUwn U 
vernier rea/iing. 2. Record the correct reading as given by ti 
instniotor (who will read tlie vernier). 3. If the transit hasti 
vemiezB 180 degrees apart, repeat for the reading across the ci 
4. Repeat the whole exercise until from 6 to 10 different n 
have been made and recorded by eaeh student. 
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Form op Notes. 
Number of Reading. Value. 



108° 40' 



Instnlctor'g Reading. 

37" 18' 

108" 38' 



I 



I 



Qu£stio7i3: 1. Which plate, the Lmb or that carrying the 
vernier, must necessarily turn when the telescope ie moved ade- 
wise? pp. 67, 563. 2. Give the three common aystema of num- 
bering the limh gradations, p. 67. 3. Give four common methods 
of subdividing the degree on the limb. p. 68. 4. Give the three 
stops in reading an angle, p. 68. 5. In which step are important 
niistakes liable to occur? Remark, p. 68, 6. Explain what is 
meant by reading an angle clockwise and counterKtIockwiae 
right and left {p. 68}, and why are the first two terms preferable 
to the last two termaJ Remark, p. 69. 7. Give general method 
of reading a Umb. § 91 (b), p. 68. 8. Give common miatakee 
in reading a limb. p. 69. 9. If angles are always measured 
clockwifle, what system of numbering is best for the transit (p. 71) 
and how many rows of numbers would be needed? p. 67. ID. In 
measuring angles clockwise, which row of numbers on jiage 70 is 
ignored? 11. Why is the portion of the Umb near the 180-degree 
marie a place where mistakes are liable to occur? p. 71, § 94 (b). 
,J2. Why is it important to check readings by estimating angles 
ith the eye? p. 71, § 94 (b). 13. What mistake ia illustrated 
most of the incorrect readings on page 70? p. 71, 5 94 (c). 
. What mistake is illustrated by the reading of 171° 30' in place 
191" 30'? p. 70, S 94 (e). 15. If a transit has only one row of 
lumbers (clockwise), and it is desired to read an angle counter- 
clockwise, how would you proceed? §94 (d), p. 71. 16. If a 
transit has only one row of numbers, and that is the half-circle 
systein, how would you read an angle clockwise wliich is greater 
than ISO"? p. 73, J 95 (c) and (d). 17. When gradations are 
numbered by a combination of the full-circle and quadrant sya- 
tems, what is a common mistake? p. 75, § 96 (b), and at what 
two paints on the hmb are mistakes most likely to occur? 
(Bottom of p. 75.) 
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Exercise T-5. 
Reading Angles; Limb and Vernier. 

Rtferexces: Pagea 76-83. 

■Equip/neiU: A transit for each student, or as many transits 
are available; preferably transits should read to minutes. 

Direetiom: I. Clomp the plates of & transit at random, and 
read both the limb and vemier clockwise, recording the total 
reading. 2. Record the correct reading aa given by the instruelor. 
3. Repeat for the vernier across the circle. 4. Repeat the whola 
exercise until from six to ten readings have been mode and 
recorded by each student. 

Suggaliona: Srversl CranBita may be used by enoh Bqnnd as In the p 

miniilcfl unliL Ibemetbrid is ttaorousbly undentood, then transits reading 30. 
20, or 10 seconda may be used. Finally, Btudsata abould be drilled ir 



Same aa that for the preceding 

Quealioiia: 1. Whatis the principle of the vernier? pp. 538, 630. 
2. What is the difference between direct and retrograde vemieraT 
p. 540. 3. Explain how to determine the smallest reading c 
least count of a vemier. p. 540; also p. 78, § 97 (c). 4. In the , 
vemier reading to minutes, how large an are is covered by flie 
apace that is called a minute? p. 76, § 97. 5. Give the general 
method of reading a vemier. § 98. 6. Which side of a doubia: 
vemier should he read? §99. 7. Why should the vemier reading; 
be estimated from the iimb before the vemier is read? § 99 (2).. 
8. How many marks should be examined closely in reading tbl' 
vemier? § S9 (3). 9. When may an angle be read to 30 aecc 
on a vemier reading to minutes, and what is the greatest e 
involved in reading such a vemier? | 99 (3). 10. What pre- 
n should be used in setting a vemier? § 99 (4). , 11. Whe? 
are two verniers 180° apart, which is ordinarily used? § 9B.' 
12. What are some of the common mistakes in reading vemienfi 
13. Describe at least three different verniers, each of 
which reads to minutes? pp. 78, 79. 14. Describe a 
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form of vernier reading to 30 seconds, p. 80. 15. Describe a 
n form of vernier reading to 20 seconds, p. 81. 16. De- 
» common form of vernier reading to 10 seconds, p. 82. 

17. Deacribe some special forma of vermcrs. p. 83. 

NoU: Different forms of vemiera may be nasipied to BtudmlB to bo drawn 



Exercise T-6, 

Measuring Horizontal Angles with a Transit. 

References: Pages 9-3-98, \\ 125-133. 
Equipment: Transit, etaiea, hatchet, and raght poles. 
Directions: 1. Sot four stakea-4.,B,D,and S,at random toform 
in irregular polygon, no aide of which ia leas than 150 feet in 
length. 2. Set a stake C near the center of this polygon. 3. Set 
up the transit over C, and measure in succeBBion the horizontal 
ai:igleBACB,BCD,i)C£,and£C.4,aU measured clockwise. Make 
a aketchshowingthevalues of the angles. 4. Cheek by comparing 
the Biua o( the four angles with 300°. 

Qti^lions: 1. Give the general method of measuring horizontal 
anglea. p. 93. 2. Which clamp and tangent screw is used for 
■each operationT Bottom of p. 93, top of p. 94. 3. Explain the 
difference between taking the angles to the right and to the left. 
j>. 94. 4. Explain how a number of angles may be taken from 
'the same backsight, p. 94. 5. Ia the vernier always set at 
before measuring an angle? p. 94. 6. If there are two verniers, 
which ia uaed? p. 95. 7. Why form the habit of estimating the 
. angles by eye7 p. 95. 8. Precautions to take after backsighting. 
p. 95. 9. PrecAutiona to take in measuring a large number of 
^ee from the same backsight, p. 95, § 129 (6), (7), (S). 10. In 
'taking angles clockwise, is it necessary to turn the telescope clock- 
wise? 11. Name aomo of the sourcea of error in measuring the 
I horizontal angles, p. 96. 12. Give some suggestions for using the 

ier in reading the anglea. p. 9G. 13. Name some comn 
hmiatakes in reading anglea. p. 97. 14. Relative importance of 
cs. p. 104. 15. Relative importance of error in setting up 
Ithe transit, p. 104. 16. If ft pole is J inch in diameter and it 
'Wd 100 feet from the transit, what would be the angular erroi 
Caused bybringing the vertical crosB-hair to coincide with the edge 
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of the pole instead of with its center? Bottom p. 105. 17. Is the 
difference between the sum of the four angles and 360® the true 
error of that sum or simply a discrepancy? p. 14, § 24 (b). 
18. How would you distribute this error? p. 14, § 24 (c). 19. If 
two angles ACB and BCD were measured separately, and then 
checked by measuring ACDy would the difference between the 
sum of the first two angles and the measured value of ACD be a 
true error, or simply a discrepancy, and how would it be dis- 
tributed? § 24 (d). 20. What method corresponding to the 
work done in this exercise is sometimes used in work of high 
precision? p. 100, § 139. 



Exercise T-7. 

Practice in Doubling Horizontal Angles. 

Reference: Page 99, § 138. 

Equipment: Same as for the preceding exercise. 

Directions: Repeat the preceding exercise, but double each 
angle as explained in § 138. 

Questions: 1. Explain the method of measuring angles by 
repetition, p. 99. 2. What is the chief precaution necessary in 
manipulating clamps and tangent screws when repeating an 
angle? p. 100. 3. When is it necessary to add multiples of 360®? 
Illustrate how this is done. 4. Explain how to lay off an angle , 
accurately, p. 101, § 142; also p. 218. 

Exercise T-8. 
Measuring Vertical Angles with a Transit. 

Reference: Page 98, § 135. 

Equipment: Transit, stakes, and hatchet. 

Directions: 1. Drive two stakes A and B about 200 feet apart, 
B being considerably lower than A. Set up over A and measure 
the vertical angle which the line of sight from the transit to B 
makes with the horizontal. 2. Assume some well-defined point 
at least 50 feet above the ground and 200 feet from the transit; 
call this point C, and measure the angle which the line of sight 
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from the transit to C makes with the horizontal. 3. Measure 
the vertical angle between the lines of sight to B and to C. Make 
a sketch showing the values of all angles. 4. Check by compar- 
ing the last angle measured with the siun of the other two angles. 

Questions: 1. How should the vertical arc be adjusted, assum- 
ing that the transit is in adjustment otherwise? p. 98, § 135. 
2. How would you proceed if neither the vertical arc nor the 
corresponding vernier were adjustable? 3. What is the "index 
error," and how are the algebraic signs applied to it? p. 98. 4. In 
measuring the vertical angles as directed above, where is the 
vertex of the angle? 5. If it were required to measure a vertical 
angle, one side of which was determined by two points on the 
groimd, how would you proceed, assmning that all points are 
accessible? 6. Is it possible to double a vertical angle with a 
transit as ordinarily made? 7. How can a transit be made so 
that it will be possible to double vertical angles? 



Exercise T-9. 
To Find the Intersection of Two Lines of Sight. 

Reference: Page 202. 

Equipment: Transit, stakes, hatchet, wire brads, short pieces of 
string. 

Directions: 1. Set four stakes at random to form a polygon, no 
side of which is less than 150 feet in length. 2. Find the inter- 
section of the diagonals of this quadrilateral as explained in § 257. 

Questions: 1. Explain the method of referencing a point. § 259. 
2. Give other methods of referencing a point, p. 54. 3. How 
would you reference a point for setting a merestone? p. 203, § 259. 
Illustration, 4. Give two methods of referencing a line. § 260. 
5. Explain the importance of referencing at least one line in a 
survey. § 260. Remark, 



[ 
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Exercise T-10. 

To Establish a Line of Slgbt Parallel to a Fence 

or to a Building. 

Reference: Page 201, 5 256. 

Equipment: Transit, tape, Btakes, hatchet, sight pole. 

Directions: 1. AsHume a station about three feet from a teiiM 
or a building. 2. Set the transit over the station and GstabHsh 
a line of inght paraUel to the fence or to the building as directed 
on page 201. 

FifM Notes: Make a eketch showing the fence or building, the 
transit line and the distance used. Describe the method refening 
to the sketch in order to mtike it plain. 

Questions: 1. What method would you use when the patalld 
hues are a considerable distance apart? p. 224, J 27S (b). 

Exercise T-Il. 
To Measure the Angle Formed by Two Intersecting 

IJnes without Setting Up over Either Line. 
Reference: Page 202, | 258. 
Equipment: Transit, tape, hatchet, stakes, aght pole, pieces of 

Directioin: Measure the angle at any place where two definits 
fence lines meet, choosing preferably a comer where the transit 
cannot be set up inside of the fence line, using the method tX 
!258. 



the paiDfl triangle, one aT eauh vertex, »nd the sma of the three regulta m^ 
then be compared with 1S0° 113 a check. 

Questions: 1. What method can be used when the transit ci 
be set up over a point inside of the comer? 2, How are divisioa 
fences usually set? 3. How are divisiDn walls usually set! 
4, How are fences along a street usually set? 5. How axS 
street lines usually marked? 
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Exercise T-13. 

Diseusslon of the Errors In Angular Measurement. 

Reference: Chapter X, p. 104. 

Questi/ms: 1. What in general are sis soureea of error in 

measuring angles? p. 104. 2. What can you say regarding the 

itive importance of errors from these different sources? 

3. If the plumb-bob ia slightly off the tack is the resulting 

error likely to be large? p. 105. 4. When is the error due to 

the plates being out of level likely to bo large? 5. Why is the 

)r due to either source greater tor short sights than for long 

flights in measuring angles? Why is the reverse true in laying off 

angles? 6. If the bob is J incli off the st: 

lately, are the resulting errors tor sights ( 

respectively? 7. Give some idea ot the e 

e edge of the limb is lower than the other. 

angle what values should be kept in mind when judging the 

importance of errors ot sighting? (Note (6), p. 106.) 9. What 

values ia laying oS angles? 10. Explain by means of these 

values tbe importance of holding the siglitpole plumb. II. Sup- 

e that in measuring an angle to the nearest minute the length 

ot sight is 800 feet and only the top of the pole is visible, bow 

much could it be out of plumb without materially affecting the 

result? 12. What are some of tKe natural Eoureea of error? 

13. Explain how the sun shining on one side of the instrument 

1 not on the other might affect a line of sight. 14. Give some 

I precautions which may be taken to avoid mistakes; to eliminate 

[ constant errors; to eliminate accidental errors. 15. In what two 

[ wayamay the precision of angularmeasurement be judged? p. 107. 

1 16. Explain each of these two methods, 17. Explain the 

I fundamental difference between checking anglea by the true error 

lot their sum and by the diacrepanq/ between their sum and a 

I meaaured angle. 18. If the sum of the interior angles of a 

I P*>'yKoi agrees with the check of | 175, p. 110, does this mean 

I tiiat the measured value ot each angle ia exactly right? 19. It 

I the interior angles of a triangle are measured with a coarsely 

Igraduated instrument why ia their sum more likely to be 

■ exactly 180° than if a finely graduated instrument were used? 
ISO. What are some of the conditions which effect the precision 

■ of angular measurement? p. lOS. 21. Suppose that the ratio 
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of precision for chaining has been fixed at nrJinyj what is the 
permissible error for an angle? (See table at bottom of p. 108.) 

22. If an error of 3(r is made in laying off an angle what is 
the error in feet at a distance of 1500 feet from the transit? 

23. What can you say regarding the permissible angular error 
in ordinary transit surveying? p. 109. 24. For limits ^TriviF or 
higher what are the permissible angular errors, and how may 
this degree of precision be attained? 25. What is meant by 
consistent accuracy as applied to the relation between linear and 
angular measurement? 26. When is it not desirable to main- 
tain this consistent accuracy? 27. Suppose that contour points 
in a survey should be located to the nearest foot and the longest 
sight does not exceed 600 feet, how accurately must angles be 
read, and will it be necessary to use the vernier? 28. How 
acciu*ately must an angle be measured to locate a point 800 feet 
from the transit within J inch? 29. A comer of a building is 
60 feet from a transit and an angle and a distance are measured 
to it solely for purposes of plotting to a scale of 1 inch = 50 feet, 
how accurately should each be measured? (Use 500 feet in 
the table at the bottom of page 108, changing the position of the 
decimal point.) 30. If the permissible error in a single angle 
is 20", what is the permissible error in the sum of the interior 
angles of a 25-sided polygon? p. 110. 31. What would be the 
permissible error in the same polygon if the sides averaged 
400 feet in length, and the largest discrepancy allowed between 
two measurements of the same line were 0.1 foot? 32. Is it the 
general tendency in transit surveying to overestimate the 
accuracy required in angular measurement and underestimate 
that required for linear measiu'ements, or vice versa? 




GROUP Th. 

EXERCISES IN RUNNING TRANSIT LINES. 



General Directions for ExerclseB Tr-1 to Ti^ll. 

The following eleven exercises are intended to fix in mind the 
methods explained in Chapter XII, p. 116. These eiercieeB are 
of the greatest importance, ance tlioy arc preparatory to actual 
BUtveys bo be taken up later in the course. 

Id all problems drive three or more stakes at random to form 
a triangle or polygon, no side of which ie less than 150 feet. 
Mark each slake so Ouil different parties wilt not ^ise each other's 
atatu>ns by mistake. It is not necessary to drive stakes flush with 
the ground; indeed, it is better to drive them only partway in. 
In the top of each stake drive a wire brad, leaving enough of the 
nail projecting above the stake to serve as a sight, thus avoiding 
isity wherever possible of holding a pencil or a pole on 
the stake. 

In the direct angle methods measure all angles to the right, 
unless otherwise stated. Unless it is dearable to gain additional 
practice in chaining, measurements of the lengths of the sides of 
triangles or polygons may be omitted. In most of the exercises 
Q work to advantage in a party. Each should check 
the other's work, keep complete notes, and divide the work of 
oing the transit. Thus, for example, if the party consists of 
' men, one can run the tranat at one station, the other at the 
rest station, and so on, alternating. In the azimuth method, 
however, it is desirable for one man to run the transit entirely 
around the triangle or polygon, and then the exercise should be 
repeated, the other man running the transit. It is well to choose 
a comparatively level piece of ground for all of these exercises, 
where no difficulty will be encountered in sighting. 

Equipment for Exercises Tr-l to Tr-l 1 ; A transit reading pref- 
erably to minutes, and tor all exercises except deflection angle 
exeraisea, graduated according to the full circle system. Also 
hatchet, stakes, wire brads, crayon, and in some cases sight poles. 
1 If the lengths of sides are to be measured, a tape and plumb- 
f bob should be added to the equipment. 
29 
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Exercise Tr-1, 

Survey of a Triangle or Polygon by the Direct 

Angle Metiiod. 

Referencen: PageB 116-120, 55 102-178. 
Equipment: See page 29 of this book. 

Directiotia: 1. See general directions, page 29 of this book. 

I 2. Survey the triangle or jiolygon without doubling angles, 

, measuring tlie interior angles. Keep notes according to Form 1, 

p. 170. Follow as tar as possible the method of procedure on 

p. 154, S 220 (a). 

Queatiatis: 1. Define transit statioii, transit line, and transit 
angle. p.ll6. 2. What are transit tines used for? p.ll6,§IG5. 

3. Give the general method of running transit tines, p. 116, S 16fi. 

4. Define transit-line angle and explain how to avoid ambiguity 
in the notes. p.ll7,§167. 5. Define deflection angle, a Bystem 
of transit lines, traverse, triangulation. 0. What is the difler- 
ence between angles to the right and angles to the left? p. 118. 
7, If angles are measured to the right, in what direction must one 
go arouDd & polygon iii order to measure interior angles? p. 118, 
5 173. 8. Give the rule for a closing check on transit^line angles. 
9. It the ratio of precision in chaining for a given survey is 
ztii. how accurately should transit-line angles be measured to 
obtain a corresponding degree of accuracy in angular measure- 
ment? p, lOS, 5 152. 10. If the permissible error in the meas- 
uremeat of a single angle is 30 seconds, what is tlie permisslfale 
error in the sum of the interior angles of a polygon of nine ridea! 
p. 110. Is this error the same thing as "error of closure"? p. 119. 

Questions on Methods of Kee]iing Field Notes in Transit Swvey- 

ing: I. Describe the different systems of keeping field notes. 

p. 164, §5 229 and 231. 2. Howmay nott's pertaining to transit 

lines be distinguished from other notes, and what is the object 

in doing this? p. 165, 5 230. 3. Explain the tabulated form of 

notes. 5 232. 4. Explain the sketch method. 523^. 5. Explwn 

the combination niethod. §234. 6. Compare the three methods. 

I 7. When should notes read from the bottom up? | 335. S. What 

j should the field notes include? 5 236. 9. Give suggestions for 

\ avoiding crowded notes. % 237. 10. Give general suggestions 

J forkeepingfieldnotes. §|239and240. II. Give the advantages 

h^rad disadvantages of Form 1, 

■T 
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Measuring tlie Exterior Angles of a Triangle or 
Polygon. 

References, Equipment, and Directions, same aa tor the preceding 
exercise, except that exterior angles are measured Instead o! in- 
terior, by going around the polygon in the opposite direction. 



Exercise Tr-3. 

Doubling the Interior Angles of a Triangle or 
Polygon. 

Reference: Page 99, S 138. 

Equipment: See page 29 of this book. 

Directions: 1. See general directions, page 29 of this book. 
2. Measure the interior angle of the triangle or polygon, doubling 
each angle according to the method on p. 99, § 138. Keep notes 
according to Form i, p. 173, omitting the last two columns. 
Follow as far as possible the method of procedure on p. 154, 
{ 220 (b). 

Questions: 1. Explain the method of measuring angles by 
repetition, p. 99. 2. Exploia the use of clamps in repeating 
the angles. Caution, p. 100. 3. When is it necessary to add 
multiples of SOO"? § 138 (d). 4. What is the advantage of 
doubling angles? 5. What is the greateet number of repetitions 
usually used for a single angle? S 138 (c). 



Exercise Tr-^. 

Doubling the Exterior Angles of a Triangle or 
Polygon. 



References, Equipment, and Directions, same as for the preced- 
ing exercise, except that the exterior angles are measured instead 
of the interior. 
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i EXERCISES IN KUNNING TEAK8IT UNEB. 

Exercise Tr-5. 

MeasurinK the Interior AnKlcs oF a Triangle or ' 
Polygon, and Ciieckini; by Calcuialcd 



ffefrretfTM." Page 126, S 189; p. 101, S 143; pp. 111-113, 5§]i 
15B; aiao pp. 541-543, 566; Chapter XXX, p. 37S. 

Equipment: See page 29 of this book. 

Directiong: 1. See general directions, page 29 of this liook. 
2. Set up at any station, hackaght on a preceiiing station, lowef 
the needle on its pivot, and read the bearing of tbe line 
backsight, p. 101. 3. Measure the interior angle clockwise 
check this angle by the calculated bearing as in Chapter XXX. 
p. 378. 4. Set up at the next station, measure the interior angli 
and from the a^culaled bearing of the preceding Une calculate tbe 
bearing of the next line. Check this calculated bearing biy read- 
ing the needle. 5. Continue in the same way until the interior 
angle at each station has been measured. The discrepancy 
between the bearing of the fii^t line aa calculated at the lot! 
station and the magnetic bearing of this same line as read at the 
first atation should equal the error in the sum of the interior 
angles as revealed by the check on p. 119. 

Field Notes: Keep notes according to Form 4, p. 173, omitting 
of course the double value of the angle. Arrange computations 
of calculated bearings in a fonn similar to that on p. 382. 

Raggation: Before b^noiDK tbia exercUe in the Held, the clsn i _ 
drilleri b usIeulatinK botriags; hodu of <be examples on p. 116 of thfa 



Qiieatians: 1. Define magnetic declination, agonic line, local 
attraction, p. Ill, \ 153. 2. Define the bearing of a line and 
illuBtrate by a sketch, p. 111. 3. Difference between true 
l>earing and magnetic bearing? 4. Why will the true bearing of 
a line change if the line is prolonged far enough with a tnm^t? 
5. Explain what is meant by forward bearing and back bearing 
and illustrate by a sketch, p. 112. 6. If the bearing of line AS 
is N. 47° W., what is the bearing of B.4? .Vo(e,p.ll3. 7. Which 
bearings are usually kept in a survey forward or back? p. 113. 
8. Give some of the facts to remember concerning bearings, 
p. 113. 9. Which end of the compasa needle is reod? p. 101, 



locat^ 



S 143. 10. When is tbe other end read? p. 102. 11. Why are 
positions of the letters E, and W. interchanged in the compass 
:? p. 102. 12. Give the direetions to be observed in reading 
bearingH. p. 103. 13. Explain why the calculated bearings are 
entirely independent of magnetic bearings, p. 126, § 189. 14. Can 
angle at any station be checked by calculated bearings when 
re is local attraction at that atatiou? Remark, p. 126. 
15. Suppose that when an angle is measured at the second station, 
the calculated bearing and the magnetic bearing of the line to tlie 
third station do not agree, and that this discrepancy continues at 
Bueceeding stations, what would this indicate? 16. Is a true 
north and south line ever used as a basis for calculated bearings? 
Note, p. 127, p. 124, i 185. 17. What is the check for a closed 
polygon? p. 127. 

Note: For odditioiiB] questinn? pRrtaining to Iha compssa.see Exflrcise Co-2, 
beariDga, see page 116 of thia book. 



Measuring the Interior Angles of a Triangle or 
Polygon to the Left. 

References and Equipment, same as for the preceding 
Directions: Repeat the preceding exercise, measuring at 
to the left instead of to the right. Keep notes same as for c< 
Sponding exercise, except it should be noted that all angles 
measured to the left from the backsight. Keep magnetic 
calculated bearings. 



Exercise Tr-7. 
Measuring the Exterior Angles of i 
Polygon to the Left. 



K Same ai 
^measured i 



except exterior angles 



BXZBCISES IN BDNNING TBASSIT LUiSS. 

Eierclse Ti^8. 

Measuring the Deflection Angles of a Triangle or 
Polygon. 

Reftrenett: Page 117, 5 168;pa^ 120, } 179;page 155, | 22L 

Equipment: See page 29 ot this book. 

Directiona: 1. See getierul directions, page 29 of this book. 

2. Measure the deflection angles of the triangle or polygon 
according to the method expla,ined on page 120. Keep notes 
according to Form 5, page 173. following aa far as pos^ble the 
method of procedure on page 155. .\ssuiuiDg the magnetic bear- 
ing of the first backsight as a baais, keep the calculat«d bearinge 
OS in the preceding e: 

Sugffettion: If pref*m 

Quettioni: I. What Bystem of numbering for the gradualJODC 
on the limb is pn'ferable for measuring deflection angles? p. 7S, 
{66 (c); also Renujrk, bottom of p. 73. 2. Give a valuable 
oheck used in the deflection angle method, p. 155, S 221 (b). 

3. If it were desired to double deflection angles, how would you 
proceed? p. 100, 5 138 (e). 4. What error is thus ehr 
S. What check may be used when calculated hearinga are keptf 
Bottom of page 155. 6. Explain how setting the i 
thu original deflection angle ^ves a double check. Step 8, p. 155. 
7. Explain two forma for keeping notes for deflection angles and 
the advantages and disadvantages of each. pp. 173, 174. 



Exercise Tr-9. 

Survey of a Triangle or Polygon by the First 
Azimuth Method. 

I References: Pages 114, 115; p. 120, 5 180 (a), (b), (c); alw 

I p. 150, S 222. 

ft Equiprttent: See page 29 of this book. 

B Direcliona: 1. See general directions, page 29 of this book; 

B 2. Survey the triangle or polygon by the first azimuth metbo^ 

Mm 



EXERCISES IN EUNNING TRANSIT LINIS. 




121, going around the triangle clockwise. Assume a magnetic 

h and south line for a meridian. Keep notes according 

7, p. 174. Check all azimuths by magnetic bearings. 



running ihe trsnait and gomg around the criangle or pulygon in the 

XBtioiu<: 1. Define the azimuth of a line. p. 114, 2. Why 
domanysurveyorsmeasureajEimuthsfroni theeouth asastarting- 

t instead of the north? 3. What is the chief advantage in 

tneasuring azimuths from the north? 4. Is the azimuth always 
measured from a north and south line as a reference line? § 160(c). 
t. Explain the difference between forward azimuth and back 
JUEunutb. 6. Compare the method of measuring azimuths with 
the method of raeafiuring bearings, p. 115, j IGl. 7. Give 
Additional facts to remember about azimuths. §161. S. By 

IS of a sketch explain the firet method of running transit 
tines by azimuths, p. 121. 9. What precautions should be 
taken in beginning a survey by azimuths? p. 123, § 182. 10. How 
may azimuths be checked by the magnetic iieedleT p. 124, | 184. 

til. If at any statiott the azimuth and bearing of a line disagree, 
does it neceasarilyfoUow that the former is incorrect? p. 12.3,5182. 
12. What other meridians are used besides the magnetic nori^h 
«id south line? p. 124, || 185, 186. 13. If a true north and sotith 
line is used as a reference meridian, how should the compass be 
adjusted? 14. What is the advantage of such a meridian? 
15. What is the disadvantage of using a line assumed at random 
as a reference meridian? § 186. 16. What is meant by orienting 
the transit? p. 125. 17. In step 5, p. 156, how does setting the 
vernier at the forward azimuth aet as a check? It the line of 
sight does not exactly strike the fore^ght, what should be done? 
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Exercise Tr-10. 

Survey ot a Triangle or Polj^oa by the Second 
Azimutli Method. 

References: Page 122,^ 180(d),SUSl, 183; also p.I50,S 222(b) 

Equipment: See page 29 of this book. 

DiTecliona: I. See geDcral directioos, pa^ 29 of this book. 
2. Proceed as in the preceding exercise, but use the second 
azimiitb method instead of tlie first. 

Questions: 1. By means of a sketch explain the second a^muth 
method, p. 122. 2. Compare step by step the two aEimutii 
methods, § 181. 3. Give the advantages and disadvantages ci 
each of the two azimuth methods. § 183. 



.- It ti 






Exercise Tr-11. 

Survey of a Triangle or Polygon by the Metbod 
ot Bearings. 

References: Page 125, % 188; also p. 156, j 222 (d). 

Equipment: See page 29 of this book, 

Directiora: 1. See general directions, page 29 of this book. 
2. Assume cither a true north and south line or a magnetic north 
and south line as a reference meridian, and proceed exactly as 
directed in ExcrcisG Tr-9, but use the method ot bearings aa 
explained on pago 125 instead of the method of azimuths. 

Questiotis: 1. Explain by a sketch the method of running 
transit lines by bearings, 2. Which of tn'o zeroes on the limb 
should be called the north zero, and why, in most cases, would 
tiiis zero really be nearer the south end of a telescope pointed 
north? Nole, bottom of p. 125. 3. What is a common mistake 
n this method? Caution, p. 12S. 4. What precautions should 
be taken in starting the survey? Note, p. 126. 
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Exercise Tr-13. 

I Questions on the Mettiods of Ruimiiig Transit Lines 
or Traverses. 

Reference: Pages 127-131. 

Queatiom: I. Give the advantages and disad vantages of the 
direct angle metliod, p. 127. 2. Give the method of procedure 
for the direct angle method at any one statian, (a) when 
angles are not doubled; (b) when angles are doubled, p. 154. 
3. Give the advantages and disadvantages of the deflection 
angle method, p. 128. 4. Give the method of procedure for 
the deflection angle method, p. 155. 5. Give the advantages 
and disadvantages of the azimuth method, p. 128. 6. Give 
the method of procedure for the azimuth method, p. 156. 
7. Give the advantages and disadvantages of the method of 
Iiearings. p. 129. 8. Give the advantages and disadvantages 
of the method of calculated bearings, p. 129. 9. Give the 
advantages and disadvantages of the method of measuring 
angles by repetition, p. 130. 10. For what purposes are transit 
lines used? p. 130. 11. Does a system of transit lines neces- 
sarily close? p. 130. 12. Does it make any difi'erence whether 
L the exterior or interior angles of the polygon are measured? 
I p. 130. 13. What is the check for the sum of the interior 
■ angles of a polygon? p. 119. 14. What is meant by the error 
»af closure? To whafis it due? p. 119. 15. Name four meth- 
■ods of running transit lines. 16. What is the principal differ- 
Lmce between the direct ai^le and the deflection angle methods? 
\ 17. What are the three different kinds of meridians used in 
the azimuth method? When would you use one and when the 
other? p. 130. 18. Give two methods of orienting the transit 
in the azimuth method, p. 131. 19. What does a discrep- 
I ancy between the azimuth and the magnetic bearing of a line 
indicate? p. 131. 20. What is the purpose of keeping calcu- 
^hted bearings, and when would you use this method? p. 131. 
fSl. Name some ot the places where any method of checking 
■sight lines by the magnetic needle would be useless, p, 131. 
, When would you use the method of doubling angles? p. 131 . 



GROUP Ts. 
TRANSIT SURVEYS. 



Exercise Ts-l. 
Discussion ot the Methods ot Locating Details. 

(For quSKticinn nn the melhnds of IcioalinE details by linear mauurHn«i 
oti\y, see page 15 ni tbis lxx>k ) 

1. Give the general method of locating objects from transt 
hnea. p. 133. 2. Are all parts of the BOine object tilwa^ 
located from one transit station? p. 133. 3. Give b 
method of locating objects by angles and distances, p. 134, ■ 
I 195 (a). 4. Give the corresponding method for aziiuuths and 
distances. 5. Give the method of locating a building by pro- 
longing one side until it intersects the transit line. p. 13S. 

6, Give a method for locating large or irregular curves, p. 13S 

7. Give the method of locating a point by an angle and a dis- 
tance, when the distance is measured from some fixed point 
other than the transit station. Illustrate by the location of S 
building, p. 136, § 105 (d). 8. How is the method of the pra- 
ceding question used for determining the direction of a street 
line? $ 195 (e). 9, Explain the method of locating an irregular 
line, ns, for example, the bank of a stream, by a base line and 
two intefBeeting angles, p. 137, S 196. 10. Give some prBcticd 
suggestions for locating points on the water by the method of 
the preceding question, i.e. methods of taking angles, of keepii^ 
notes and of giving signals, p, 203, § 261. 11. Give the threa- 
point method of locating points on the water, p. 137, { 

12. Give four methods of locating boundary lines, p. 141. 

13. Give the advantages and disadvantages of the different^ 
methods of the preceding question, pp. 141, 142; also J 216. 

14. What are the two most common methods of locating 
details? p 150, | 223. 
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TEASaiT SUBVEYS. 



DIscnssioD of the Methods of Keepli^ Field Notes. 

Reference: Chapter XV, page 164. 

Questions: 1. What can you say regarding the different 
methixla of keeping field notes? p. 164. 2. Wliy should notes 
pertaining to transit tines be diatinguished from all other notes? 
p. 165. 3. Give several methods of accomplishing this result. 

4. Explain the three general forms used in keeping notes? 

5. When can the tabulated form be used to advantage? 

6. What are the advantages and disadvantages of the sketeh 
method? 7. Give suggeationa for keeping notes by the com- 
bmation method, p. 166. 8. When should notes read from 
the bottom of the page upward? 9. What two kinds of data 
^ould field notes include? p. 167. 10. Give suggestions for 
avoiding crowded notes. II. How are several pages of notes 
made continuous? 12. Give suggestions for a general sketch of 
transit lines, p. 168. 13. What must be made clear in the 
notes regarding any linear measurement? Regarding any 
angle? 14. What is the diSerence between entering an angle 

iln the notes as ABC and CBA/ (See Note, p. 90.) 15. What 

^dse must be understood to make a notation such as ABC 

perfectly definite? p. 117. 16. What should be a constant 

lought in keeping notes? Suggestioiis, p. 169. 17. What are 

the advantages of Form 1, p. 1707 Disadvantages? 18. Inter- 

it the notes on p. 172; give the advantage and disadvantages 

.«f this form, 19. Interpret Form 4, p. 173. What unnecessary 

■eheck seems to have been employed, judging from the notes as 

ley stand? (See CommenCs, p. 154.^ 20. Interpret Form 5, 

173; give the advantages and disadvantages of this form; 

compare it with Form 6, p. 174. 21. Interpret form 7, p. 174. 

22. Describe how the survey on page 177 was made, explaining 

how the notes for each step were recorded. 23. Describe how 

'the survey on page 179 was made, and comment upon the notes. 

l34. Describe how the survey shown on the insert sheet opposite 

made. Comment upon special features of the 

notes, p. ISl. 25. Describe the survey on p. 183 and comment 

upon the notes. 26. Interpret the notes of Illustration V on the 

insert sheet opposite p. 190, explaining carefully how each point 

was located. 27. Interpret the notes on p. 187. 28, Interpret 

the notes on p. 189, and explain important steps in the survey. 
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Exercise Ts-S. 

Discussion of Practical Questions of Field Work In 
Transit Surveying. 

1. Describe the Bignals commonly used in ( 
2, Give the general metliod. of making a trant 
p. 132,55 192, 1S3. 3. Give different methot 
a traumt station. I 207. 4. Give methods c 
stakes. 5. Give suggestions for numbering or lettering statioiu 
p. 147. 6. Give suggeationa for choosing a place for a 
station, p. 148. 7. Give methods of referencing a i 
p. 148, p. 54, p. 203. 8. What is the firet consideration gov- 
erning field work? p. 148, 5 214. 9. What relation between field 
work and office work should be kept in mind? p. 149. 10. Give 
suggestions for detennimng where to run transib lines, p. 149. 
II. Illustrate the preceding question l>y different methods of 
making a boundary survey, compare the different methods, 
and show how the field work and office work may be affected 
by the choice of stations, p. 150. 12. What method of running 
transit lines would you use for city work? what method tor 
country surveying? for stadia and topographic surveying? 
p. 151. 13. In what kind of work is the deflection angle 
method used? p. 151. 14. Are different methods ever com- . 
bined in the same survey? p. 151. 15. Give suggestions for 
running transit lines with reference to precautions taken and 
checks used. p. 152. Ifi. What are some of the precautions 
and checks involved in any systematic method of procedure? 
p. 153. 17. Why should some systematic method of procedure 
be followed? Remark, p. 154. 18. Give the method of pro- 
cedure for the direct angle method when angles are not doubledjj 
when angles are doubled, p. 154. 19. Give the method vtU 
procedure for the deflection angle method, p. 155. 20 
the method of procedure for the aaimuth method. 
21. When several methods of locating a detail may bo e 
ployed, give some of the considerations which would inffueo 
you in the choice of method, p. 156. 22. Give su^estions 
selecting points of an object to be located, p. 167. 23. 
filling in the details of a survey, should all measurementa I 
taken with equal accuracy? p. 157. 24. Give s 
locating street lines, p. 158. 25. In locating buildings, what ta 
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Uwayg necessary to complete the work? Practical suggestiom, 
p. 158. 26. Should the lengths of boundary Edcb be meas- 
ured? 27. It the comer of a building is 100 feet from the 
transit, and the map la to be plotted to the scale of one inch 
equals 50 feet, how close should the angle to a comer be read 
for the purpose of locating the corner by angle and distance? 
See Question, p. 158; also p. 105, % 147. 28. Give some general 
suggestions for staking out work. p. 158. 29. Discuss the 
diSerent methods of keeping field notes, pp. 164, 165, 1S6. 

30. Give general suggestions tor keeping field notes, pp. 167-169. 

31. Summarize the important points brought out in the dis- 
cussion of errors, p. 169, § 226. 32. What are the pezmissible 
errors of closure for different classes of work? p. 160, J 227. 
33. Discuss the duties of the different members of a transit 
party, p. 161. 

t Reference: Chapter XIV, p. 145. 
Kquipmeni: See Art. 204, p. 145. If the party consists of 
IT men the chain men should divide between them the equip- 
»it of the axeman and flagman. 
DiTecluma: Make a survey of a small tract of land, locating all 
important features such as boundaries, buildings, and fences. 
Use the direct angle method of running transit lines; double 
all transit line angles, but do not double angles in locating 
details. FoUaw carefully the method of procedure given in 
ArticU 220 (6), page 154. 



Exercise Ts-4. 
Transit Survey of a Stiiall Area. 
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SPECIAL PROBLEMS IN TRANSIT SURVEYING. 



Practice In Triangulatlon. 

Reference: Chapter XVI, page 191. 

Etpiipment: Transit, reading preferably to 30 or 20 eecoada. 

Dirertiona: 1. Establinh HCiveral tripod signals similar to that 
described on page 198, % 252. This should be done once for all 
by the whole class. 2. Meneure the angles at each station 
according to the method cieecribcd in § 250. Keep notes 
according to form on p. ,J97, 

SiimfliBWi: Each man in the squad should meuure as mauy anglen u 
ilnu permiU, using aifferent tmusits if prHclirabls. Limits o[ error .houia 
ba eBtahlishBd by the inslniotor. Sea p. 199. { 253. If desired, a ban 
lina mBy be laid out nnd a regular network of triangln eatabliahed, 
ttlthoU|[h it iJ! prDbabii' bpttar to lenvo this until a tegubir nurvay is made, 

QuetHons: 1. What is meant by triangiilation and a net- 
work or system of triangles? p. 191. 3. When would tiiangu- 
lation be employed? 5 244 (a). 3. How large an area may be 
covered by triangiilation in plam surveying? p. 191, { 244. 

4. Give some of the sources of error in triangulatioa. p. 191. 

5. Give some of the thinga to be considered in the choice of 
atationa. p. 192, 6. What are some of the things to be con- 
sidered in choosing a place for a base line! p. 193. 7. If the 
baae line is laid off on a railroad track, how may the ends of the 
base be transferred to points not on the railroad? Bottom of 
p. 193. S. When are new or additional base lines introduced 

■in an extensive Biir\-ey? 9. What considerations govern the 
length of the baae line? p. 194. 10. Give different methods of 
measuring a base line. p. 194, 11. If it is impossible to estab- 
lish a single line of sufficient length for a base line, how would 
43 
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you proceed? Remark, p. 1S3. 12. What angles are meaaured 
in triangulation? p. 194. 13. Give the sourceB of error which 
should be eliminated in the measurement of angles, p. 194, 
5 250. 14. Give a method of propodure involving the method 
of repetition, p. 195. 15. Give some practical suggestions for 
meaeuring angles, p. 196. 16. Give Buggestions for keeping 
field notes tor triangulation. p. 198. 17. Give some practical 
suggestions for constnicting signale. p. 198. IS. What should 
be the diameter of the mast? p. 199. 19, What errors are 
allowable In centering a mast overastation7 p. 199. 20. What 
is meant by the eccentricity of a station? Give an illustration, 
p. 199. 21, Give examples of the accuracj' attained in actual 
practice, p, 199, | 253. 22. How may trigonometric leveling be 
combined with triangulation? p, 200. 



Exprcisp Tp-a. 
To Prolong a Straight Line tlirough an Obstacle. 

References: Pa^ 21J), §§ 276, 277. 

Equipment: Transit, steel tape, stakes, liatchet, sight poles, 
and chfun pins. 

rUrectUms: I. Drive two stakes, .4 and B, from 150 to 200 
.feet apart, 2. Prolong this line through an imaginary obstacle 
by the second method of \ 277 (a), p. 220, 3. Check by the 
third method. 4. After the work has been checked by the 
; third method, sight along the line through the imaginaiy 
.obstacle as an additional check. 

FieH Notes: Make a complete sketch showing all angles and 
distances measured or laid off. Show the error mado in 
rftlignment. 



Iwlewl of «□ inuMEinary oce, 

QueaHons: I, When is the rectangle method of Fig. 277 (a) a 
.satisfactory one Ut use? 2. How can short backsights be 
avoided in the rectangle method? 3. What is the advantage 
of the eqiulateral-triangle method as compared with the third 
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method of §277? 4. What is the sole advantage of the third 
method? 5. Give practical Buggeatione for laying o5 the 



IS Tp-2 to Tp-e aw special cases nf Iriiineulation, c 
rpre required reliDnl melhodt of measuring base liae 
emp]oy«d. It is suffieieat, however, for class wot 



Kxercise Tp-3. 

To Run a IJne between Two Given Points whe 
an Obstacle Intertenes. 

Refermee: Page 221, \ 277 (b). 

Equipment: Transit, tape, hatchet, atakea, and eight poles. 

DiTtclioii*: 1. Drive two etakes A and B from 200 to 
feet apart, 2. Imagine an obstacle about half way between, 
them, and run a line from A to B by the titst method of Fig. 
277 (b). 3. Clicck by the second method of Fig. 277 (h). 
4. Sight from A to 6 as a final check. 

Fie]d Nolce and Huggeslions: See preceding problem. 

Quesfibn^; 1. Draw a sketch illustrating a third method. 
Compare the two methods of Fig. 277 (b). 

Eserelae Tp-^:. 
To Measure between Two Points when One Is 
Inaccessible. 
Reference: Page 222, { 277 (c). 

Equipment: Tranait. steel tape, hatchet, Btakes, si^t pole, 
and chain pins. 

Directions: 1. Drive two stakes A and B from 200 to 300 
feet apart, and assume B to he inaccessible. 2. Find the 
distance from A to B by the first method. Fig, 277 (e). 3, 
Check the diatance AB by the second method, 4. Measuie the 
distance A B with the tape as an additional check. 

Field Notes: 1. Make a sketch showing all angles and dis- 
tances measured or laid ofT. 2. Arrange computations system- 
atically, and give the discrepancy between the lengths of AB 



^ 
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as fpimd iu steps (2) and (3) and its lengtb ae found bj meaa- 
urement with the tape. 

Questions: 1. Compare the first and second method. 2. Give 
a third method that may Ix! used when both ends ot the line are 
acceasable, 3. How may each of the three methods be cheeked 
without resorting to a different method? 4. Explain by means 
of a sketch how to measure the distance between two given 
points when one is invisible from the other and is also inacces- 
mble. p. 223. 

Exercise Tp-5. 

To Measure between Two Points whea Both are 

Inaccessible. 

Reference: Page 223, % 277 (e). 

Equipmeni: Transit, steel tape, stakes, hatehet, chain pina, 
and sight pole. 

Directions: 1. Drive two stakes, A and B, from 200 to 400 
feet apart, and assume both points 1« be inaccessible. 2. Lay 
off a convenient base line CD^ and find by triangulation the 
distance AB as esplained in § 277 (e), 3. Measure the dis- 
tance AB with a tape as a check. 

Field Notes: 1. A complete sketch showing all distances and 
angles measured or laid ofF. 2. A eystematic arrangement of 
all computations. 3. Give the discrepancy between the com- 
puted length of Ad and its length as measured with the tape. 

Suoaestions: In this prcblem il Ls well lo measure Ibe angln sail the 
trianglB) by the method of repelitinn. IJn.iblinn the anirfes wil] be auffi- 



! Exercise Trt-G. 

To Measure tbe Height of an Inaecessiblc Point. 
Re/fTerure: Page 223, 5 277 (f). 
EquipmeTit: Tranait, steel tape, hatchet, stakes, chain pitja, 
dnd sight pole. 

Directions: 1. Find the height of some inaccessible point as 
the top of a flag pole, a point on a high building, or some other 
defimte point, by the method explained in | 277 (f)- The ele- 



L 



46 SPECIAL PROBLEMS IJT TRANSIT SVBTBTEfiS. 

vation of tbe inaccessible point ehould be determined nilb 
refercDce to some de&nite point or bench mark near tite ground. 
2. Repeat the probleni as a eheek, using a different base line. 

Field Notes: A sketch showing all angles and distances meas- 
ured. A systematic arrangement of all computations. (Hva 
tbe discrepancy between the fitat and second results. 

SttffifBaUon: If desired, two or mure parties may work simultani 
deleriDiDlng tbe elevBlion of tbe same inaniesaible poinl, imd thui 
tbe lime rtquirKd for nnwtinE tbe enereifle aa a obeck. 

30ured from a paint r 



Exercise Tp-7. 
Perpendiculars and Parallels. 

(Eierciae for the blaokboard and noteboDk.) 

Reference: Page 224, § 278. 

Directions: Explain by means of sketches the following . 
methods: 

I. To establish a perpendicular to a given Lne from any. 
given point; (a) when the given line and the given point aafi 
both accessible; (b) when the given hne is accessible, but the 
given point is inaccessible; (c) when the given point is 
sible, but the given line is inaccessible. 2. To establish a linft 
through a given point parallel to a given line; (a) when 
given line and the given point are both accessible; (b) i 
the given line is accessible, but the given point is inacceembls;' 
(c) when the given point is accessible, but the given line i" 
inaccessible. 

Exercise Tp-S. 
To Stake Out a Building. 

Referencei; Page 209, 5 266; also p. 158, g 224. 

Equipment: Transit, tape, hatchet, stakes, sight pole. 

Directions: 1. Drive two stakes A and B from 300 to 400 fe^ 
apart. Let these represent merestonea which determine i 
street line. 2. Set stakes tor the house whose dimensions a 
p. 1S3, making the front of the house parallel to ai 
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ffeet from, the street line AB and at some flsed distance from 
I measured along the street line. 

Field Notes: Make a complete sketch dimilar to that on 
p. 310, showing all measurements made, dimensions of the 
house and the location of reference points; indicate also all 
points where the transit is set up. Give the discrepancy, if any, 
between the lengths of the diagonals ot the reference rectangle. 
SuDoesiims.- 1. Aa it i!i uaunliy impracticable in class work tn actuBlly 



hauld □ 



■ccb and plan tt 



Quesiiovs: 1. Give some general suggestions for staking out 
work. p. 158, § 224. 2. What is the usual method of setting 
batter-boards, and at what elevation? p. 208, §§ 265, 2(»6. 3. 
Assuming that the top of a foundation will be wholly below the 
existing surface of the ground so that when the building Is first 
staked out it is impossible to set the batter-lioards at the proper 
elevation, how would you proceed? 4. Give the general method 
of staking out a building, p. 209. 5. Sketch another method 
which is as good as, or better than, the one used for staking out 
the house on p. 210. 6. Wbere should reference points be 
placed? § 266 (b). 7. Give at least two or three different 
methods tor staking out a building whose front is on line with 
an existing building. 

Queetiong on Staking Out a House Lot, a Highway, a Relainiitg- 
wall, an Abutment, and a Tunnel: 1. Give the general method of 
staking out a house lot. p. 210. 2. Give different methods of 
marking the comers of the boundaries, p. 211. 3. Give the 
general method for staking out a highway, together with some 
practical suggestions, p. 212. 4. Explain the general method 
ot giving lines for a retaining- wall. p. 213. 5, Which lines of 
a rctainlng-wall are usually staked out? 6. How are hues 
given for an excavation? p. 213. 7. When retaining- walls are 
built in sections, how may they be staked out? p. 213. 8. When 
on a curve, how are stakes set? p. 214. 9. Illustrate 

^ a sketch bow you would set stakes tor a wing abutment. 
. How would you proceed in the preceding question if the 
E ot the abutment is in the water where the transit cannot 
e set up? 11. Explain the general method ot giving the line 

t a tunnel. 12. When the preliminary straight line between 
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the eada of a. tiimiel cajinot ba run because of obstacles, hov 
would you proceed? 



Exercise Tp-9. 
To Locate Piers for a Brldg;e. 

Jte/ereiwes: Page 215, 5 275, and Chapter XVI, p. 191. 

EquipmeTU: Transit, tape, spring balance, thermometer, a 
stakes, leveling rod, sight poles. 

Directions: 1, Assume two points A and B from 400 to 600 
feet apart; let these points determine the axis of the bridge. 

3. Lay off base lines of suitable lengths at A and B. 3. Find 
the distance from A to B, and locate a pier half-way between 
them according to the method explained in | 275 (b) and (c). 

4. After the center of the pier has been estabUshed, not before, 
measure the distances from this point to each end of the axis 
as a check on the computed values. 

Field Notes: 1. Make a large, open sketch showing the base 
lines, the axis of the bridge, the values of ail angles measured 
and the values of all angles turned off in the location of the 
pier. 2. Keep the field notes for the triangulation according 
to the form on p. 197. 3. Arrange computations for triaa- 
gulation according to the form art p. 399, or, better still, tbat on 
p. 400. The form used in determining the probable error ol 
the base line is given on p. 59. 

Sueoeslians: 1. Select fl place for Ihin exerclsB where the stakes fol 
each bnae line may be Bet with their tops on a Level, Ail DonaidenblB 
time IB ueceeBa-ry for setting these stakes, they may be dtivaa once for aS 



IrisngutB.lion for determioing the length of the aib i 
in one day, the neceasnry computatinna made In the 
mlea turned off for locating the pier on another day. 
rmils, two or more piers may be iDoatcd instead of one. 

Give the two steps involved in locating a 
bridge pier, p. 216, § 275. 2. Give aa ideal method. § 275 (a). 
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iticable7 4. CKve the general 
it undesirable to choose both 
base lines on the aame shore and on the same side of the bridge, 
or on opposite shores, one above, the other below the bridge? 
6. Why ia it not worth while to lay off the base line at right 
angles to the bxih? 7. Give suggestions for referencing and 
protecting hubs. p. 217. 8. Give suggestions for choosing the 
location and the length of a baae iiae. pp. 217 and 193. 9. When 
there are several piers, are they always located from the same 
point on a base Une? p. 217. 10. What is done when the con- 
ditions on the shore are unfavorable for baae-line meaaurement? 
p. 217. II. What should be the limit of error for the sum of 
the most probable values of the three angles in each of the main 
triangles? p. 218. 12. Describe the method for laying off the 
angles, p. 218. 13. When a pier is built in a movable caisson, 
how ia the latter kept in place? 14. How does the method of 
giving points for a rectangular pier differ from that used for 
round piers? p. 218. 

Exercise Tp-10. 
To Stake Out a Circle with a Transit and a Tape. 

Referenct: Page 204, § 263. 

Equipment: Transit, steel tape, ax, and stakes 

Dtrections: Stake out a complete circle whose radius (prefer- 
ably not leas than 300 feet) will be given by the instructor. 

Field Notes: 1. All computations neatly arranged on the 
right-hand page. 2. Before beginning to stake out the curve, 
work up the field notes in a form similar to that for deflection 
anglee on p. 174. See also Buggestion ('6), p. 207. 

ay be t&ken as 100 feet, and R is given, 
IB lidd work, foUow the generoJ mBttod 

outlined in step (4), p. 206, and alao the direotions for "pickEng up" a 

tangent, p. 200. 

Questums: 1. Define tangent, angle of intersection, deflection 
angle, and chord. 2. Prove that T = fi X tan J /. 3. Prove 
that dn D - i C -i- R. 4. Prove that T = (C X tan i l) 
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-!- 2 sin D. 6. Define sub-chord, sub-deflection angle, leng;th 
of curve, and degree of curve. 6. How is the length of curve 
Hflually found? 7. What is the degree of curve in this eier- 
ciae? 8. What is the length of curve in this e:(ereise? 9. If 
50-foot chords were used in this exereise, what would he the 
new values for the deflection angle and the sub-deflection ang!e7 
10. Describe the general method of running in a circular curve 
between two tangents, p. 200. 11. Explain the method of 
"picking up" a tangent, giving two rules to be kept in mind. 
p. 206, 12. Prove that it a transit is at 3, the backsight at 2, 
and the vernier at 2 D, tiie line of sight may be made tangent 
to the curve by setting the vernier at 3 D. 13. Why should 
the index reading for P.T. equal i 11 
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Exerclm L 1. 



Setting up the Level. 

References: Page 226, also 544. 

Equiimient: A level for each student, or as many levels aa are 
available. 

Directions: 1. Set up a level as directed on p. 226. 2. Per- 
form each of the three steps in the experiment described on 
p. 227. 

Questions: 1. What is the shape o( the intGrior surface of the 
glass tube of a spirit-level? p. 544. 2. Upon what does the 
sensitiveness of a bubble depend? p. 544. 3. Can a bubble be 
too sensitive for ordinary work? 4. Wliat is the fluid need for 
the level-bubble? p. 544. 5. Why does the length of the 
bubble change from time to time, and is it more sensitive when 
long or when short? p. 544, 6. What ia the axis of a (nibble tube? 
p. 544. 7. What should be the first precaution taken in setting 
up a level? p. 251, § 322, also 271, § 349. 8. If it is impossible to 
set up a level so that the bubble will remain in the center for 
all positions of the telescope, what does tliis indicate! 

AdditioTial Qaeetiovg: Many of the questions asked in Exer- 
cise T-I (Setting up the Transit) may also be asked in connection 
with setting up the level. If the construction of the telescope 
has not already been discussed in connection with transit work, 
the instructor should explain briefly the different parts of the 
telescope (see photORraph, p. 551), or, if thought best, to add to 
the questions given above those on pages 96 and 97 of this book. 
m 51 



b 



fiB BXBRCIHE8 IN LEVELINO. 

Exercise L 2. 
Reading the leveling Rod. 

Refcrenca: Pages 227 to 232. 

Eqiiipmenl: Several leveling roda for oadi squad, including I 
targeta with Bcalea unci targets with vemiere. 

Directions: 1. Set the target at random without extending 1 
the rod. Read and record the setting o( the target. 2, Remid I 
the instructor's reading. 3. Repeat for a number of settinp I 
for a "low rod." 4. Apply to each rod the two tests described 1 
in IS 286, p, 232. 5. Read and record several Bettings far a 
"high rod." 

i«vi>ral rcHlH, ftntl 1o require Ihe mvinbani of his Bqua<t to read th^A aetllnp 
111 roUIIoD, He should ULb psina to hsve soma of the oeltinci nsir Iht 
"(Unccr poinu" where are likely to oHur audi oommon niiitakn m in 

Dontinued until nnh member nf the mjuad osn read any target BetUnc foi 
either a " low" or s " high " nxl. 

Questions: I. What two methods are there of reading a rod 

in levelingT jj 281, p, 227. 2. What is the difference tetween a 
target with a scale and a target with a vernier? 3. How con 
you estimate a reading to thousandths on a target with a 
BCuleT 4. Wliat are some of the common niiatakes in reading a 
leveling rod, and what points should be fixed in roind as 
"danger points"? p. 229. 5. Explain the difference between 
the methods of reading a target with a scale and a target Vi 
vernier, i 285. 6, Explain how to read a "high rod," and the 
tests which should be appQed to every rod when using it tor 
the first time. U 2S4 and 280. 7. What are the different 
sources of error or mistakes in taUng a "high rod" readlugt 
§ 284 (a), (b). 8. Into what two classes may levoHng rods be 
divided? p 571. 9. Explain the difference between the New 
York and the Philadelphia rods. 10. What kind of target is 
preferable for long Higlits? p, S72. 11. Wliat is an anglt 
target, and for what purpose was it designed? p. 572 and p. 270. 

12. Name two special forms of leveling rods, p. 572, j 573 (b). ^ 

13, Deaciilx' a plumbing level, p. ST.'t. 14. Could stadia rods, I 
p. 574, be used aa self-reading leveling rods? 
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Exercise L-3. 



To Find the Probable Error of Sighting and ot Setting 
a Target. 

Reference: Page 270, § 348. 

EquipmeiU: Level, levelir^ rod. tape, ax, stakes. 

Directions: 1. Set up the level, and drive stakes approxi- 
mately in line, at distances of 100, 200, 300, and 400 teet 
fBBpectively from the level. 2. Hold the rod on the stake at 
the 100-foot point, set the target so that its center coincides 
with the line of sight, and record the reading. 3. Move the 
tai^t up or down a foot or more out of the Une ot sight and 
again set it as accurately as possible, holding the rod on the same 
point on the stake. 4. Repeat the work until five independent 
settings of the target have been made on each of the four stakes. 
From the five readings at each stake find the probable error 
for that stake as explained on pp. 15 to 19. 

Field Notes: Record the readings for the different stakes in 
separate columns. Use the fonn on p. 19 for dcitemiining the 
probable errors. Arrange all computations systematically. 

Mbly firm 
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QuestioTie: 1. Give some ot the sources ot error in sighting. 
. 270. 2. What is the eftetrt of retraction? p. 273. H. Whiit 

the best time ot day for precise leveUngT Bottom of p. 272, 
leo (3) p. 278. 

Note: Thii eieroiae may be repeated, the readings being made directly 
the level without (he use of the target. The probable erron »t each 
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Eiercbte L-^. 

Comparison ot Readings Taken With and Without 
the Target. 

R^a-eiice: Experiment, p. 271. 

Bqiiipment: Level, leveling rod, tape, ax, and atakea. 

DirectutTis: 1. Set up the level, and drive stakes at ;Us- 
tancee of 50, 100, 150, 200, 250, 300, 350, and 400 feet from the 
level. 2. Take a rod leading on the top of each stake, first 
without, then with, the target. 3. Reeord aj! readings i 
state concluaions as to how closely one can read tit different 
diatancee without utnng the target, and how such readings a 
affected by distance. 

Naif. ConDluBiona ihould not be drawn from too few data, but by tabn- 
lating Ibe nauLlfl oblainod by oil the membera of a dasB a conipari 
tbe ttto DiflUiodA of reading (he rod may be made. 

Exercise 1,-5. 
To Test the Sensitiveness of a Level Bubble. 

Reference: Page 545, | 567 (a). 

Equipment: Level, leveling rod, tape, ax and stakes. 

DiTBctio'm: 1. Set up the level, and drive a stake 200 feet 
away. Test the sensitiveness of the bubble with the leveling 
rod held on this stake as explained on p. 545. 2. Repeat ths 
test, holding tbe rod at distances of 300 and 400 feet from the 

Fidd NnUs: A complete record of the results obtained fia 
the different tests with the mean value of one divinon % 
seconds of arc, 

Suggestiona: See page 546. 

Questions: 1. How could a bubble tube other than a 
level be tested? p. 545. 2. What is a level-trierT 3. Show b 

means of a sketch that R = -v- Z>, p. 545. 4. Find the radiui 

of curvature of the bubble tube on the level used i 
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Exercise L-6. 
Differential l>veliiiK. 



References: Pages 234 to 242. 

Equipment: Level, leveling rod. 

Directions: 1. Select two points several huudred feet apart, 
one of them 40 or 50 feet higher than the other. 2. Run a. 
line of levels from the fiist point to the second and back again 
to the first point. 

FieM Notes: Use Form B on p. 240. 

SvoiK'tione: For this Hist exercise in differential leveling, it is well to 

upB. The work may then be repeated, the levelman and the rodman 
interchanging poBitiona, Tuo mucli emphasis shuuld not be placed on 
the iiioetiee nf Held work, sa Itie object of this exerciee is to acquaint the 
student with the IhoHV of leveling. In (he next enerciee the methods of 

the blackboard similar to that on paae 238, mth bscksigbt and faresiKht 
readinga indicated in simple numbers, and then ta require each atudeat (o 
work out tbe notes for tliia sketch iu a form simihir tu ibat on page 240. 
It JB bIbd well to disouss (he questiunE given below just before beginning the 
Geld work of this exercise. 

Questions: 1. What two kinds of work are done in leveling? 
p. 234. S 288. 2. Define datum hue and datum plane. -3. Is 
La level surface a plaoe mirface? 4. What is taken as a eoti- 
W Tenient datum the world over? 5. Is the sea level the only 
I datum used? 6. Define bench or bench-mark. 7. Define 
[ Btation, and point out the diflerence between a station in transit 
■.surveying and a station in leveling. 8. Define plane of sight. 
, What are the two essential steps in leveling? p. 235. 
I 10. Is there any difference in p^acti(^e between measuring vp to 

a plane of the sight and measuring rfoutn? 11, Define height 
wot instrument. 12. Define backsight. 13. How is a backsight 
Based in determining height of instrument? 14. Define foresight. 
■15. Why are "backsight" and " foresight " unfortunate terms? 
■p. 237. 16. What two terms are sometimes used in place of 
'jacksight and foresight? 17. What is the object of backaight- 

l and of foresightiog? p. 237. 18. What abbreviations are 
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used in leveKng? 19. Wliat two formulas expresa the theory rf 
leveling, and to what two Bteps in leveling do they correspond? 
p. 237. 20. Explain how the elevations of points above tho 
plane of sight may bo found. 21. Explain by tneaiia of a 
eketch the general theoiy of leveUng when more than one Gdr 
up ie necessary. § 299 (e). 22. Are Htationa in levelini 
necesBarily in a straight line, or may they be taken anywIiereT 
23. How may the two stepa in leveling be remembered? 
Remark, p. 238. 24. What is an intermediate station and its 
distinguishing characteristic? p. 238. 25. What is a tuning- 
point, its distinguishing characteristic, and how did 
name7 26. May a station or a bench-mark be used as a turning- 
point? p. 239. 27. What are the first and last points sighted 
at in leveling usually considered? p. 239. 28. Explain why 
error made at a turning-point is much mote serious than 
error made at an intermediate station. 29. What are i 
advantages and disadvantages of Form A for leveling notes? 
p. 230. 30. Conmient on Form B for leveling notes, p. 240, 



Exercise L-7. 
Differential Leveling, 

(A Study at Field Uelhodi.) 

References: Pages 248-25S; 260-263. 

Equipment; Level, leveling rod, ax. 

Directions: From some assumed point as a bench-mark r 
a line of levels to a, second point and return, making a circuit 
of about 10 set-ups. Keep field notes according to Form B, 
p. 240. 

Bugeatiom: The theory a! leveliog having been atudi 
ceding enercise, Hpei^JBl atlentinn sbnuld be paid in this 
niethotTi of Geld vork, especially to thnee preeautions whii 
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Questions: 1. G[ve the signals used in leveling, p. 248. 
12. How may the elevation of the starting-point be obtained? 
p. 249. 3. How may any elevation be assumed and the notes 
afterward corrected? Ill list ration, p. 250. i. Wliy should the 
iiodman hold bis rod a second time after clamping the target? 
|S. What should be the lengths of foresights and backsights in 
irdinaiy work for the beat results? 6. What is the first pre- 
caution in setting up u level? p. 251. 7, In going up, or down, 
hill, how can one avoid taking unequal sights? 8. What is a 
common mistake of the beginner in setting up a level on steep 
slopes, and how can this mistake be avoided? p. 251. 9. What 
chiefly determines the location of turning-points? p. 252. 
10. In choosing an object for a turning-point, what should be 
keptinmind? Remark, \i. 2512. 11. Describe a formof turning- 
point sometimes used. § 323 (h). 12. Describe two methods 
of holding a leveling rod. p. 252. 13. Give a method of 
making sure that the rod is plumb, pp. 252, 270, | 346 (c). 
14. Give examples of bench-marks both permanent and tem- 
porary, p. 253. IS. Where should bench-marks be established? 
p. 253. 10. What is the only method of checking field work 
in leveling? § 329. 17. If sixteen set-ups are nccesBary to 
complete a circuit of levels, what should be the approximate 
Kmit of error? i.e., the difference between the elevation of the 
starting-point and the elevation of the same point aa deter- 
mined at the completion of the circuit, p. 254. 18. Give 
some suggestions for working rapidly in levehng, p. 255. 
19. What should be the average speed for class work? Remark, 
p. 255. 20. Give suggestions for the levelman concerning the 
following points: p. 260. Choosing place for level; leveling on 
Bleep slopes; watching the bubble; unnecessary clamping; 
horizontal cross-hair; sunshade; disturbing instrument; definite 
aignals; adjustment of level; effects of heat and wind; care of 
tiie level. 21. Give suggestions for the rodman concerning the 
following points: Sea p. 261. Choosing turning-points; length 
of sights; holding the rod; moving the target; clamping the 
target; testing the rod; common mistakes in reading; care of 
the rod. 22. Give duties of levelman ; of rodman. p. 263. 
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Profile Leveiiag. 

References: Pa^242, ga06; p. 251. 

Equipment: Level, leveling rod, stakes, tape. 

Direr f ions; Drive a row of stakes 50 feet apart tor a cOatance 
Df about 1000 feet. Rim a line of profile levels, taking the 
elevation of the ground at each stake. At all intermediate 
Btationa read the rod from the instrument without the 
the target, but at turning-points use the tai^t. When the 
elevation at the last stake has been determined, run back ovel 
the line to the starting-point, taking turning-points only, and 
thus checking the work of the whole eiercise. 

Field Notes: Keep field notes according to Form E, p. 256, 
and check the arithmetical work by the method explained on 
p. 242. 

SrjBfffffl/iofw: If desired, neveral putiea of two men each laay work aUini 
the Efume Ltofl of fltakos, chbcklog at frequsnt intervals on thfl same beDdh- 
mark! eatahiished by the iantruclor. In this case H will be 
run back over the [iue s.3 a cheok. 

Questions: 1. What is an intermediate station? p. 238. 
2. Is it necessary to take the elevations at intermediate 
stations as accurately as at turning-points? 3. Does the rule 
tor checking notes on p. 242 aHord any check for intermediate 
stations? 4. Explain a form ot notes that does give a check on 
intermediate stations. S 303 (e). 5. What are the advantages 
of Form C, p. 241 , for profile notes? 6. In ordinary work how i 
closely should the rod be read at intermediate stations, and 
should this reading be taken with or without the target? p. 253. 

Bxerciae L-9. 
Discussion ot Errors in Leveling. 

(Exercise for the ClaM-niora.) 

Questions: i. Give some of the sources of error in leveling, , 

p. 2es. 2. How may the errors of adjustment be largely J 

eliminated? 3. What precautions should be taken when t 

bubble is sluggish? p. 268. 4. What is the ei 



L bubble . 
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ment of tlie object-glass slide, and liow may it, be eliminated? 
p. 268, alao p. 602, J 586. 5. What is the error due to a defec- 
tive joint in the leveling rod? p. 269; also Remark, p. 232. 
8. Give some of the sources of error in matiipulating the level, 
p, 269. 7. How may the error due to the rod being held out of 
plumb be avoided? 8. Why is this error compensating on 
tuming-pointa when leveUng up and down hill over rolhng 
country? 9. Why is this error not compensating in leveling 
up hill only or down hill only? 11). Why is it not best to wave 
the rod when the reading is two feet or less from the bottom of 
the rod? 11. What errore are due to the accumulation of 
dirt or grit on the base of the rod or in the joints? 12. Give 
some of the Boureea of error in sighting. 13, Explain why the 
settUng of the instrument between the backsight on one turning- 
point and the foresight on the next is a source of cumulative 
error. How may this error be avoided? p. 271. 14. What 
precautions should be taken to avoid errors due to disturbance 
of the instrument? p. 272. 15. Explain why the settling of 
the turning-point is a source of cumulative error. 16, Explain 
why the sun shining on the instrument is a source of cumula- 
tive error, p. 273. 17. What is the error due to curvature? 
p. 372. 18. What is the error dvie to refraction? p. 273. 

19. What ia the effect of combining these two errors? p. 273. 

20. Give common mistakes in recording. 21. How may 
errors in computing be diaoovered? p. 274. 22. How may 
personal errors be partially eUminatedT 23. Recapitulate the 
most important precautions taken to eliminate errors: (a) mis- 
takes; (b) constant errors; (c) accidental errora. p. 275. 

24. How may the precision of leveling be judged? p. 275. 

25. How may the total error of a line of levels he expected to 
vary? p. 276. 20. In a common formula for allowable error 
what is the usual value of C? p, 276. 27. ]f a cireuit of levels 
four miles long be completed, what ahould be the permissible 
error if the eoefRcient C is .04? 28. Give some of the moat 
important directions contained in instructions for accurate 
leveling (p. 277) as regards: number of rodmen; method of 
rodmen keeping independent readings; weather conditions; 
foresights and backsighte; duties of the bubble tender; adjust- 
ment of level; stee! turning-points; plumbing levels; perma- 
nent bench-marka; permiaaible error. 29. Give the method of 
procedure when two rodmen are employed, p. 279. 30. In 
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croiiaing a. wide river explain bow the method of ledpncal 
levtiling may bo used. p. 243. (See also exercise in redprowl 
leveling, page 63 of this book.) 

Exercise L-10. ^^^J 

Use of the Hand LeveL ^^^H 

Reference: Page 233. ^^^H 

Eifuipment: Hand level and hand leveling rod, or two li*Iid 
levels and two rods. 

Direcliong; Find the difference in elevation between two 
pointa several hundred feet apart, by means of a band level, 
using the «ecoDd method of J 237, p. 233. 

Field \'oteB: A sketch showing the different steps and the 
final difference in elevation. 

Soffpationx: IF po»lblfl, the leveljaff should be done between tvo bendb- 
mnrka whose elentiqiu bnve been determined prEvimuly by diffenuitiBl 

obuined by Ihe more socurale method. The party should conaiat of two 
nuo; and, if dnlffid, eucb may be equipped with a band level and sSfool 
rod, HI that firet one and then the other uses the hand level. Bltentatiog. 
u eiplained in "Rouline of the FEeld Work.'' botlflm id p. 351. If osl; 
oa« bAnd'leve] is used, the work may be repealed, the levehn&a snd rod- 
□uui IrjUrcharLKios puaitions, and rimtiins back over the line to the et&ti- 

Queslions: 1. How can rough work be done without the use 
of a rod7 p. 233. 2. What is the difference in method between 
leveling up hill and leveling down bill? p. 233. 3. For what is 
the hand level chiefly used? p. 233. 



Exercise L-11. 
Trigonometric Leveling. 



n 



References: Pages 1244, 264. 

Equipment: Transit, leveling rod, and steel tape. 

Directions: 1. Find the difference in elevation between two 
p<rints A and B, by setting up the transit near A and using the 
first method of "Trigonometric Leveling" on pp. 244, 264. 
2. Repeat the exercise, setting up the transit near B instead of 
A, th« two men in the party interchanging positic 



BXEBCI8BS TS LBVELlNfl. 81 

Field Notes: A sketch allowing the method, with all distanees 
and angles; also all computations syatomati colly arranged, 

■it to eich of tlie two points A and B is mcaiurod yiilh a tupe, ollhaush in 
most Bald vurk wbere tliis method Is uaact. dUt:iiice9 aie found «th«r by 
ttiangulatioD or with the stndia. If po^sihle, the two pointa A and B 
■hoiild be bflDcb-marlis whoao elevationa h^ve bcon datflmxined previously 

■huuld be compsnd wilh that obtHlned by spirit IpvoUog. E. The shorteat 
mathod is lo get the transit up with the Bnd of tha nupportine ails apprnxi- 
aately ovar eilhnr A oi B. If this is impractlnable. It will be neoesmTy 
M dalermine the haight of the suppartloE axis by a baeksishl on the nearer 
itatlon. See Keniark <b), p. 244. 

Questions: 1. Explain the first method of trigonometric 
leveling, p. 244. 2. In this method, if elevations of points are 
required with reference to some datum, what is the first step 
after setting up the transit? p. 244. 3. If the horizontal dis- 
tances from the transit to the point whose elevation is required 
cannot be measured directly, how would you proceed? p. 244. 
(See also Exercise for Determining the Height ot an Inac- 
cessible Toint, p. 223.) 4. In finding the elevation of any 
point on the ground with rerBreiici; to a ix)int under the tmnsit, 
how would you use a sight-pole in place of a levehng rod? 
. 2a4, Practical Hint (a). S. How may time be saved in 
computing elevations from vertical angles? p, 264. 6. Show 
what error may be expected for sights of 200 feet if the hori- 
soiital distance is correct but the error in the vertical angle is 
lO minute, ignoring instrumenta! errors, p. 264. 7. For the 
me length of sight, what would lie the error if the vertical 
igle of, say, 8 degrees 40 minutes is correct, but the horizontal 
distance ia in error as much as one foot? p. 264. 8. Explain 
the second method of trigonometric leveling, p. 264. fl. Is the 
first or the second method moat used in topographic surveying, 
and how are the distances determined? p. 264, 10, How may 
triangulation and trigonometric leveling be combined, and how 
do the results compare witli spirit leveling? p. 200, 
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Exercise Lr-12, 

Barometric Levelins* 

References: Page 245, § 313; p. 265, § 343. 

Equipment: Aneroid barometer, thermometer. 

Directions: 1. Hold the barometer on a bench-mark whose 
elevation has been determined previously by spirit leveling, 
and set the altitude scale of the barometer to correspond to 
the elevation of that bench-mark. 2. Without disturbing the 
altitude scale take readings of the barometer at two or more 
bench-marks whose elevations are known, and compare the 
elevations as found by the barometer with the elevations as 
found by spirit leveling. 3. Repeat the problem but ignore the 
altitude scale, and proceed as directed on p. 265, § 343 (a). 
4. Compare results with those obtained by spirit leveling and 
with those found by the use of the altitude scale. 

Field Notes: Keep a full record in tabular form of the read- 
ings of the altitude scale, of the barometer readings in inches, 
and of the temperature at each bench-mark. Also a systematic 
arrangement of the computations for reducing readings to 
altitudes. 

Suggestions: In this exercise it is desirable that there should be a con- 
siderable difference in elevation between the successive bench-marks 
selected, and that these elevations should have been determined pre- 
viously by spirit leveling. The results as obtained by different students 
going over the same line of bench-marks may be tabulated by the 
instructor and shown to the class, thus giving an idea of the accuracy to 
be obtained in barometric leveling. It is well also to use several different 
aneroid barometers, and, if desired, readings may also be taken with mer- 
curial barometer. 

Questions: 1. Describe the aneroid barometer, p. 264. 2. 
What is the average reading of a barometer at sea level, 
and the average rate of fall in ascending above the sea level? 
p. 245. 3. What are the atmospheric sources of error? p. 245. 

4. How does temperature affect barometer readings? p. 246. 

5. Compare two classes of barometric formulas, p. 246. 6. In 
ordinary work what sources of error are usually ignored? 
Bottom p. 246. 7. What are some of the instrumental 
sources of error? p. 265. 8. Give the method of procedure 
where single observations are taken, p. 265. 9. Explain the 
method of simultaneous observations, p. 266. 10. What are 
the ordinary limits of error? p. 267. 



GROUP Lp. 

SPECIAL PROBLEMS IN LEVELING. 

Tha exorciaea in Ihia rtoup deal with various prablemH in leveling rarh an 
netting grade stakfa, estimating cut and iill for giading, and HtaliinK aut a 

Exercise Lp-i. 
Reciprocal Leveling. 

Reference: Page 243. 

Eguipmeni: Level, leveling rod, ax, and stakes. 

Direcluins; 1, Drive two stakoa A and S from 300 to 400 
feet apart. 2. Imagine these stakes to be on opposite banks of 
a river so that the level cannot be set up between them, and 
find the difference in elevation between the tops ot the etakes 
by the method of Reciprocal Leveling, p. 243. 3. Repeat the 
work, levelman and rodman interchanging poaitions. 4. Set up 
the level approximately one-lialf way between the two aiakea, 
and check the mean result obtained by reciprocal leveling. 

Field Notes: Make r sketch showing the approximate dis- 
tance between stakes as obtained by pacing, the positions of 
the level and all elevations. See Figure, p. 598. In addition 
keep the level notes on the left-hand page in the usual form, 
p. 240. 

Questions: 1. Why does reciprocal leveling tend to eliminate 
the error due to adjustment, the error due to curvature, and 
refraction? pp. 698, 599, 273. 

Exercise Lp-3. 
To Set Stakes on a Grade Between Two Fixed Points. 

(Special Mclhori.l 

Re/erentes: Page 243, | 310; p. 258, §334; p. 280, §357; 
p. 283, § 358. 

Equipment: Level, levehng rod, ax, and atakea. 

Directions: Choose a place where the slope of tho ground is 
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unirnrm for eeveral hundred feet so that the tops of all stakes 
can be driven to grade, and drive Iwo stakes A and B seven 
hundred feet apart. 2. Aacertiun the diflerraice in elevatia 
ttL-tw(<en A and B, 3. Set a line of stakes with tbeir tops o 
grudii between A and B, and with 25-foot intervals betwwD 
stukes, Use the grade rod method (see illu£tratioD, top of 
p. 3al) and also i 358 (a). 4. Check the work by setting up 
the level near stake -4 and shooting in the grade as explained in 
i 3fi7 (d), p. 281. 

Field Nolet: Number the stations 0, + 23, + 50, etc.. 
and keep the notes in a. form similar to one of those on pp. 2&i, 
2W. 

SaaOMtimu: Bte Practiral ivmeatiani oa pp. 259. 282. a 
Qi««iion*; 1, Define grade, and grade rod, und illustrate ho« 
the grade rod la calculated, p. 243, and also p. 428. 2. Give five 
different methods of setting grade stakes, p. 258. 3. GiTe the 
general mothod of procedure in setting grade stakes, p. 259. 
4. What la the difference between u true grade rod and a field 
grade rod? p. 259. 5. How close should stakes be drivei 
ordinaiy grading? p. 259. G. Give some practical Buggestions 
for Kcttitif; Htak<>H. p. 259. 7. What are two Gommon mistaku 
which ocfMT in setting grade stakes, and how may i 
dntcftod? p. 259. 8. What additional columns should appear 
in tliP field notes? p. 260. 9. What is meant by "shooting 
In "a grade, and what is the best instrument to use for this 
mothod? p. 260, also p. 281. 10. In the method of shootiiie 
in grades, why is step 4, p. 281, necessary, and how can this 
stop be avoided? Note, p. 281. 11. What is the object in 
establisliing a permanent foresight in step 5, p. 281? 12. How ' 
may a convenieJit permanent foresight be established? Sug- J 
pMh'on 2, bottom of p. 281. 13. Is the error involved in set- 1 
ting tho target opposite to the center of the object glass likely 
to be large? p. 281. 14. Suppose the surface of the ground to ] 
have a unifonn slope which, however, is too far above or below ' 
the required grade to permit driving stakes to grade, how woulrf ( 
you proceed to shoot ia the grade? Suggestion 4, top of p. 282. ' * 
15. Give some practical suggestions for setting grade stakes for ' 
a curb. p. 282. 16. Give the general method of laying out I 
grades for pavements as regards, marking gutter lines; center '| 
line ; use of templet. 
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To Set Grade Stakes Between Two Fixed Points 
When the Ground Is Uneven. 

(Genera] Method.) 

Reference and Equipment same as for preceding exercise. 

Directions: Repeat the preceding exerciae, but select a place 
where the ground is so uneven that the tops of the stakes 
cannot be set to grade. Use method 2, p. 258, i.e. top of each 
stabf! to be a whole number of feet above or below grade. 
Mark stakes as directed oa p. 260. 

Question: 1. What is the chief difference between the 
methods used in this exercise and that of the preceding exer- 

Questiong on Giving Grades for a Seiver: 2. Explain the 
general method of giving grades for a sewer, p. 283. 3. How 
closely should grades be given for a sewer? 4. How would you 
proceed when it is impracticable to give elevations at equal 
distances along sewer line? p. 283. 5. What rough check 
should always he employed? p. 2S3. 6. Why should bench- 
marks be established? p. 283. 7. Describe a fonn of grade- 
pole for sewer work. p. 283. 8. Why work in one direction 
from down hill up hill or vice versa? p. 283. 9, Give two 
methods of measuring between grade-slats, and why are 
measurements made parallel t« the Sow tine? p. 283. 
ID. Explain iu detail the noteson pp.2g4 and 385. See expla- 
nation 286. 

Qvestions on Giving ElevationB for a Line of Shafting: 
11. Give the general method of giving elevations for a line of 
shafting, p. 287. 12. Why is it convenient to )ioid the leveling 
rod upside-down, and illustrate what is meant by a minua grade 
rod? p. 287. 
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Exercise Lp'4. 

Use of the Gradienter. 

Reference: Page 245. 

Equipment: Transit equipped with a gradienter, leveling rod, 
ax, and stakes. (Transit should be in adjustment for leveling.) 

Directions: 1. Select a comparatively level piece of ground, 
and by means of the gradienter set a row of stakes at intervals 
of 25 feet with their tops driven to a given grade. 2. Check 
each stake by the grade-rod method explained on p. 259. 

Field Notes: On the right-hand page a description of the 
work with a comparison of the levels obtained by the two 
methods and the average discrepancy. On the left-hand page 
the usual form of field notes, p. 284. 

Suggestion: This exercise may be given in connection with Exercise Lp-2 
if desired. 

Questions: 1. Explain the principle of the gradienter. p. 245. 
2. How may the gradienter be used for measuring distances? 
p. 245. 

Exercise Lp-5. 
To Estimate Cut and Fill for Grading. 

References: Page 287, § 362; pp. 429-433. 
Equipment: Level, leveling rod, tape, ax, and stakes. 

Directions: 1. Select a plot of ground at least 150 feet square, 
with a rather uneven surface. If no plot with definite bounda- 
ries is convenient, mark out one with stakes. 2. Perform the 
field work necessary to obtain data for estimating cut and fill 
for grading according to the method of § 362, p. 287. 3. Assum- 
ing that the ground is to be graded to a level one foot below 
the lowest elevation obtained at any stake set in the preceding 
step, calculate the total cut in cubic yards. 

Field Notes: On the right-hand page draw a sketch showing 
all stakes with numbers and distances, and on the left-hand 
page keep the level notes in the usual form. p. 240. Use a 
system of numbering points like that of Figure 402 (c),.p. 341. 

Suggestions: Follow the practical suggestions given on p. 287. If desired 
in the third step above, the finished surface may be assumed at such an 
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howaver. (he more com plies ted wutk of calculation Hhauld be 
I coiuae in office nark, and [bus time will be ssved in the field. 

■ Questions.' Give the general method of field work in getting 

•^ta, tor estiniating cut and fill for gratiing. p. 287. 2. Give 

piaclJcal suggestions concerning, establisMng permanent bench- 

^larlta. p. 287; choosing the eine of squares, pp. 287 and 432; 

i, rod readings; syslem of marking comers; and of laying 

but squares. 3. Give the general method of setting stakes for 

ding land. p. 287, § 363. i. What is the customary method 

i when the surface of the groimd is very uneven, making it 

a set temporary stakes? Remark, p. 288. 5. Give 

E general method of setting stakes, (a) for a level grade; 

pt) for a. grade that slopes in one direction only; (c) tor a grade 

Biat slopes in two directions. 

If deflired probEenia may be gLVen in aetCinic erade elaked by each 
K9 methods referred to lu the last iiueatinn abuve. 
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To Stake out a Vertical Curve. 

References: Pages 289-292. 

Equipmejit: Level, leveling rod, &x, and stakes. 

Directiona: Set stakes tor a vertical parahola which shall 
connect two gradients assigned by the instructor. Use the 
method of procedure for chord gradients explained on p. 291, 
5 364 (d). 

Field Notes: 1. On the right-hand page make a sketch 

lar to that on p. 290, giving the necessary data; give also 

computations systematically arranged. 2. On the left-hand 

page record all notes for leveling in the usual form (see p. 284), 

giving the grade rods and elevations at all points. 

Sueee^ians: If it is desired to drive etahee so that tbeir teps are on 
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tthod 3 u folkiweil. 
Questions: 1. Give two general methods of finding ckvstj : 
of pointB on s vertical curve, p. 289. 2. If the seotmd mei! 
ii lued, why ia the vertical scale tisually much greater thai i: ' 
horizuntol scale? p. 289. 3. VThy is the parabola more 'Ai'-- 
iwed thun the circle tor vertical cun'ee? p. 2S9. 4. Eijjliii 
the method of linding pointa on a vertic&l parabola 1^ taB^ni 
COrrcctionB; by succeasive chord gradients, p. 290. 5. How 
may the elevation of any point between stations tie founilT 
p. 21K). (i. Give two methods of field work for riniiing ini 
vcrtieu! curve, p. 21)1. 7. Compare the two methods, p. 291 

8. Eicplain how to make the vertical parabola pass througfa • 
point at a given distance above or below /. p. 292, £ 364 |j). 

9. How would you proceed when the rate of change c and die 
two grades g and g' arc given? $ 364 (h). 10. Explain mtiH 
of cliecking coniputatioQH. Top and bottom of p. 292; 
illuntration, bottom p. 368. 
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EXERCISES IN THE USE OF THE COMPASS. 



Exercise Co-1. 



. The Error of S^htlng and Beading a CompasH. 



iBeferf 



Pages 293-295, p. 101, §H3, p. 575, 5 575. 
tape, sight-pole, ax, and stakes. 



F SgJiiptTienl: Compass, tape, sigli 

Direclions: 1. Drive a stake A and set up the 
this Btake. 2. Drive a stake B 300 or 400 feet away, sight at a. 
pole held on this stake, and read the bearing of the line AB. 
3. Move the compass through an are of, say, 90°, thus clianging 
the reading of the needle; then, without sighting at B, set the 
compass at the ori^nal bearing of AB, line in the pole and 
measure the distance this line of sight [lassos to one side or the 
other of the stake B. 4. Repeat the work a number of times, 
changing the reading of the needle and resetting the compass at 
the same bearing each time. From a number of results thus 
obtained, find the probable error of sighting the cornpass. in 
units of angular measure. (Tliis will require a rough measurement 
of the distances from stake A to stake B.) Use a form similar 
to that on p. 19 for finding the probable error. 



Nnl, 
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Queations: I. Explain the method of reading bearings, 
p. 101. 3. Why are the letters E and W interchanged in the 
compass box? p. 102. 3. Wliat precaution should be observed 
in reading bearings? 4. Why is it not advantageous to place 
"■ p. 576. 
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Exercise Co-2. 
Beadii^ Bearlags. 

Rfjtrencei: Page 101, | U3; pp. 111-113; pp. SH-oK; ^ 
p. 575, i 575. 

Equipment: Compaas, ught-pole, ax, and stakee. 

Dirtctiont: I. Set the compass over a etake A 
fourstakea, B, C, D, and E, iit random, each at least 200 feet fran 
stake .4. makiDg a, four-aided polygon BCDE with .4. ii 
approximate center of this polygon. 3. By sighting at 
stake in siicecsaion read and record the bearings of the liDV 
XB./lC^i), and .4e. i. By the method explained o _ "" 
S 435, find the values of the angles BAC, CAD, DAE, andSifi, 
and compare their sum with 360°. 

Field Notes: 1. Make a sketch shovdng the bearing o! 
line and the anglea between lines. 2. Arrange the computatiiM 
tor angles according to the form on p. 3S3. 

Queatioia: I. What is meant by the dip of the needle? Hcnf 
is this dip couQteracteil? p. 541. 2. What is meant by th« 
magnetic declination and the magnetic meridian? p. Ml. 
3. Define iaogonic lines and agonic line. p. 543. 4. What il 
meant by a west defUnation? an east declinattoD? In tba 
tinitcd States how can you remember whether the deelinnlioli 
is east or west tor any given place? p. 111. 5. WhatiaflS. 
approximatemagneticdeehnationat New York 7 at San FraniaMit' 
at Chicago? See Iaogonic chart opposite p. 638. 6. What H 
meant by local attraction, and give some of the sources of eucK 
attraction, p. 543. 7. If something about the person deflacti 
the needle, as, for example, a knife or keys in the pocket, is tbi^ 
strictly speaking, local attraction? p. 543. 8. Name five vari»- 
tions of deeUnation. p. 541. 9. Give some facts concerninf 
secular variation, p. 541. 10. Give some facts coDcemiD] 
diurnal variation, p. 542, 11. Is annual variation the si 
the change per year in secular variation? p. 543, 12. To wh* 
are irregular variations due? p. 543, 13. Describevi 
of compasses, p, 575, 14. Upon what doea the senaitivenesi d 
the needle depend? p, 575. 15, What precautions should alw^ 
be taken to avoid dulhng the pivot? p, 294, J 366 (3). 16. Gil 
the most important requirements for a good compaas. p. 6 
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p. What is the difference between a plain compass and a vernier 

p. 675. 18. What is a prismatic compiLsa? p. 576. 

. Deacribe three tests for the compass, p. 57(1. 20. How may 

1^ needle be remagnetised? 21. If a compaaa is to be put away 

a considerable length of time, what precaution may be taken 

B order that the needle may retain its magnetic strength? p. 29S. 



Exercise Co-3. 
Compass Survey of a Polygon. 
es; Chapter XXIV, p. 2!»3: also § 560, p. 541; § 575, 

Eguipmcnt: Surveyor's compaaa, chain or tape, aight-polea, 
;, and stakes. 

Directions: Drive four or five stakes at random, forming an 
jular polygon no side of which ia less than 150 feet. Begin- 
ning at any stake survey this polygon, measuring the forward 
lod back bearings of each line and its length. 

Field Notes: According to Form 9, p. 297. (See Method of 
Procedure, p. 298.) 

5u»B»(ion; If atuden 
tha compass entirely m 

Questions: 1. What bearings are usually kept in a survey? 
p. 113. 2. In compass surveying why is it well to keep back- 
bearings also? p. 295, 5 366 (7). 3. In compass surveying how 
are the relative poaitiona of any two points determined? p. 293. 

4. Give some objections to the use of the compass, p. 293. 

5. What are some of the advantages? p. 293. 6. Give aome 
practical suggeations for the use of the compass concerning the 
following points (aeo | 3B6, p. 294); Setting up; method of 
sighting; method of reading needle; protecting the pivot; avoid- 
ing sources of attraction; sluggish needle; duplicate readings. 
7. Which sight vane should be next to the eye in sighting, and 
which end of the needle should always be read? p. 294. 8. Why 
will reading the bearings at both ends of a line reveal an error 

J due to local attraction? 9. When it is impracticable, because of 

^an obstruction, to take the bearing of a line directly, how may ita 

earing bs found? 10. When is the declination arc used? 




p. 295. 11. Give the general nietlioil of making a com) 
Eurvey. p. 2S5, 12. How may detoJla be located? p- 296. 

13, If the bearings taken at tbe two ends of a line disagree, how 
may it be determined which is correct? p. 296. § 368 (»). 

14, llhistrate how the elTects of local attraction may be elimi- 
nated from the bearings of a numlwr of connected lines, p. ' 

15, What ore three chief Bources of error in compass mirveying! 
p. 298. 16. What are tlie limits of precision in compass m 
veyingT p. 298. 17. Give the general method of rerunning ol 
aurveys. p. 298. 18, If in reninning boundary lines two pointo 
on any one line are still preserved, what Is the most direct metli«d 
of ascertaining the change in magnetic declination which hat 
taken place since the original survey? p. 299. 19. Why is it 
important to give on the map of a compass survey tbe date of 
tlie survey? p. 299. 20. What publication gives magnetje 
declinations at different places in the United States? p. 299. 



EXERCISES IN THE USE OF THE STADIA. 

Exercise S-l. 
To Test the Stadia Interval. 

References: Pages 300-304. 

Equipmerd: Trajiait equipped with stadia wiree, stadia rod,* 
steel tape, ax, and stakes. 

DirecHojis: Test the stadia interval for distances up t« 400 
feet according to the method explwned in § 374, p. 302. 

FieM Notes: Give the number or the letter and the raaker'a 
name of the transit tested. Record the distance corresponding 
to each reading of the rod, and give the final value of the atadta 
interval as deduced from these diatanccH. 

Suroes'"""* I' "a "^U for BBveral atudenM in the parly to tett the etadia 
interval for the uinie transit, and the Gnal value of this Bladia iolervBi ghould 
then be deduped from the pbaervatiooB taken by all ol the studenla. U the 
Htadia wirea are adjustable and Ibey are found out of adjustment, they 

whole party wofkiog together under the supervbion of the Uatruotor. 

Queetions: I, Define stadia, stadia wires, stadia rod. p. 300. 

2. What are some of the different patterns of stadia rods in 

common use? pp. 573 and 574. 3. Give some suggestions for 

making a stadia rod. p. 574. 4. Can levelii^ rods be used ae 

I stadia rods? p. 300. 5. Define telemeter; tachjmieter. p. 300. 

I 6. Explain hy means of a diagram the principle of the stadia, 

p. 301, 7. How may the constant C be determined by direct 

■ measurement? p. 302, 8, What is the average value of C for 

transits? for 18-inch wye-levels? Remark, p. 302. 9. Give the 

general method of testing stadia intervals, p. 302, 10. Explain 

the method of adjusting stadia wires, p, 303, II, Is it essential 

I that the two stadia wires should be equally distant from the 

,' horizontal cross-wire? What advantage is there in having them 

i' equally distant? p. 303. 12. Give some practical s 



for adjusting stadia nires. p. 303. 13. Explain the method oi 
gmdiiating a rod for fixed stadia wires, p. 3U4. 14. Explain 
what is meant by intcrvai factor, and how it may be Bscertained 
in any given caae. p, 304. 15. Which is to be preferred for 
accurate work — adjustable or fixed stadia wires? p. 
Prartieal Svggeationa. 16. What effect has refraction in ^fetf^ 
mining the stadia interval (p. 313), and when should tests b( 
made for very accurate work in graduating a rod? p. 304 
17. What are the advantages of using a standard rod ani 
correcting readings by an interval factor? p. 304. 

Eserclse S-2. 
To Measure Distances on Level Ground by the Stadia. 

fie/mrt^rci.- I'age 304, S 377; p. 307, % 381 (a), (c), (d), (e). 

Equipment: Transit with stadia wires, stadia rod, tape, ai, 
and stakes. 

Directions: 1. Set up the transit over stake A. 2. Drive 
four stakes, B, C, D, and E, at distancea from the transit varying 
fK.m about 30 feet to 300 feet. 3. Using the stadia method 
only, find the distances AB, AC, AD, and AE. 4. Measure the 
above distances with the tape. 5. Repeat the exercises until a 
distance can be measured by the stadia with reasonable certainty. 

FieldXoles: 1. Ontheright-handpagegiveadescriptionof the 
work; on tlio left-hand page, arrange in columns side by ride the 
distances to each point as found by the stadia and as measured 
with the tape. 2. Give also your conclusions as to the limi t ot 
accuracy of the stadia method, basing your opinion upon the 
results obtained in this exercise. 



by tbe previous readincn, 

Queitiont: Give the general method of reading the stadia rod. 
p. 304. 2. What are some ol the common mistakes? p. 305. 

3. Give practical suggestlona for the use of the stadia, p. 307. ■ 

4. How accurately can distances be measured with the stadiaT 1 
p, 307 and p. 313, J 388 (a). 5. How long sights should be \ 
taken? p. 307, 
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Exercise S-3. 

To Measure Horizontal Distances on Sloping Ground 
by the Stadia. 

References: Pages 305-307. 

Equipment: Transit with stadia wires, stadia rod, tape, ax, 
and stakes. 

DiTcctinns: 1. Set up the transit over stake A driven where 
the ground ia sloping. 2. Drive several stakes, S, C, D, E, at 
distances tram the transit varying from 30 feet to 300 feet, and 
at points whose elevations vary considerably. 3. Read and 
record the inclined distance and the vertical angle to the rod held 
on each stake. 4. Reduce the inclined readings to borizontal 
distances as explained on p. 4S0, % 514. 5. Check the results 
by measuring horizontal distances with the tape. 

Field Notes: Keep field notes on the left-hand page according 
to Form 11, p. 311, omitting the first two columns. On the 
riglit-haod page, arrange in systematic form all computations for 
reducing inclined distances. 

SugaeBlioni: 1. It is well to take some of (he stskea above snd name 

Hoond or third story wlndaw. or ul othsr pointa of varying elevatioas, instsad 
of on stakes driven in the grouud. Z. In multi plications for reducing 
inclined distancs. use the abridged method, p. 481, It ia well alao to use 
reduction diagrams and slide rules. 

Qxieatione: 1. By means of a sketch, explain what two corree- 
tioaa are involved when the line of sight is incUned? p. 306. 
2. Derive the formula for horizontal distance, p. 306. 3. In 
measuring horizontal distances with the stadia, when may 
vertical angles be ignored? Bottom of p. 307. 

Exercise S^. 

To Obtain Vertical Distances or Elevationa by the 

Stadia. 

Reference: Page 308. 

Equipment: Transit with stadia wires, stadia rod, tape, ax, 
and stakes. 

DiTeclions: 1. Set up the transit over the stake .4 driven in slop- 
ing ground. 2. Drive stakes B, C, D, and B at different eleva- 
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Uiiiiii, a>i<l at UiHlancosfromthc transit vaiyingfrofD 30 to 300 int- 

3. Find tho rlrvation of these stakes with respMt to tlie Ai^ 
iindnr iho ttuiuit l>y llie method explained in } 382 (&), f. 30i 

4. Kopcul tho work, finding the elevations of the same sukes 
with n'H|)Oi>t to a noar-by bench-mark. 3. Find tJie elevatioii 
uf t«ch staku with rospect to the stake under the uansit, fa; 
thf flnt method oxpUined in £ 341, p. 264, using tbe tape for 
ninumirinK horicoiital diatane«s. Compare the results tbm 
utitulnttl with corrcapouding elevations obtaiDcd hf the 8 
(«l<tp li. ftbove). 

yMI Sotrt: 1. On tlie left-hand page kc^p the field notMte- 
OordinK to Fonn 13, p. 311, omitting the second column. 2 
tlin rlgiit-hond page, ki<ep in a systematic form ail computation. 
H, Sliow dido by side the elevationa as obtained from step 3 and 

A^fMliaM,- 1. 8m aiiicMtioai of the preceding problem. 2. mm 
■Wllwl dUutiMa i>r elevftliaiiB are mviitved, it u wtentfol Uial the altubm" 
ttt/k^Uftfitcatan^ilwHldbecartSiiUji "^fed in the nolei. 

QuMtiotu: 1. Kxplnin the method of obtaining elevations of 
point* with rafuivnoc to a point under or near the instniment 
(p. 'XM, \ 3S2 (a)): witli reference to a bench-mark, some dif- 
tunrii from the instnuncnt. $ 382 (b). 2. What is one of tbe 
Unit thiigp to b<' Bivpn definitely in the notes? § 382 (o). 3. Upoa 
what dmw tiLO aoeumcy of elevations depend? 5 382 (d). 4. IT 
nn error an large on 0' ia made in a vertical angle of about 14°, 
what WDtild bo thn ivaiilting error in elevation at a point 20Q 
foot from thi! tranBlt? p. 309. 5. If a vertical angle of about 
H' XH ineotiumd correctly, but the distance as obtained by the 
■tndla Ib 1 foot greater than or 1 foot less than it should be, 
what 1m the resiilliiiK error in elevation? p. 309. fl. Is an error 
in raoitsurinK a vertical angle more important in large angles 
than iti Hnmil angles, or viee versa? p. 309. 7. Is an error in 
measuring distances more important when the vertical angle ia 
laigc. or when it is small? p. 309. 8. In ordinary work, how 
clowly should distances and vertical angles be measured? p. 309. 
9, When may vertical angles be read without the use of the 
vernier, and how closely should tbo corresponding distances be 
read? p. 309. 
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Stadia Survey of a Polfgon. (Azimuth Method.) 

References; Pagea 309-317. 

Eqiiipneni: Transit witit stadia wires, stadia rod, ax, and 
stakes. 

Directiwis: I. Drive four stakes to serve as four comers of 
an irregular polygon the aides of which vary in length from less 
than 100 feet to more than 200 feet. 2. Survey this polygon by 
the first azimuth method (p. 121), using the stadia for measuring 
all distances. Assume a magnetic north and south Une as a 
reference meridian. Find the elevations of all stakes with 
reference to a bench-mark near the first station by the method 
explained on p. 308. 

Field NoUs: Use Form 10, p. 310. 

Suijgestions: Follow the pmctioal HUEgestions fiiven at the bottom of 
p. 309. Two men can work to sdvanfage in each party in this eMroise. If 
time parmits. ODe should run the traoait entirely ruuad the polygon, [be ntber 
aotliiE S3 rodnmn. Then the eiercise should be repealed, the two meD inler- 



Quesftona.' 1. What methods are used tor running transit 
lines in stadia surveys? p. 309. 2. Wliat methods are used for 
locating details? p, 309. 3. Give some practical suggestions 
pertinent to stadia surveying. 4. Compare the forms of notes 
given on pp. 310 and 311. 5. Give some of the sources of error 
in stadia surveying, p. 312. 6. Explain why it is unwise 
during midday hours to take sights which require the hne of 
sight to pass nearer than three feet to the ground, p. 313. 
7. What should be the maximum probable error of sighting for 
distances up to 100 feet? p. 313. 8. What may be expected as 
a. mean discrepancy between measurements made by the stadia 
and by the tape for distances of approximately 300 feet? p. 314. 

9. What is the maximum error likely to occur in ordinary work 
in finding the elevation of a point from a vertical angle of 
about 10° and the length of dght of about 300 feet? p. 314, 

10. Give the formula for determining the maximum allowable 
error in the sum of the lengths of the lines traversed, p. 315. 
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U, nivo pmctioft] suggestions fgr itacSa w ir wj i ng 

tlli< follnwinK poinU: The tonstant; tbe ■tailCs wtne; Kt&ai 

iif alahUiiK; rpuling the rod; length of agbt; metiiod of agfatiiig 

wlii'ii two Ht'itiona are too far apart for a angto ^gbt; method 

follijwiil when only a small portion of the nxl e»a 

vcrtionl nngkn should be taken into account ; cbeddng distance* 

ImiIww'Ii itntiunH: checking distancefl (rf side shots: methnl of 

ilptcnnlnlnn ylovalions; point of reference for elevsttons; Ihe 

nihitloiw l>t>tw(i.'Ti the length of dghts and Ibe vertical angb; 

Mh'i't of un error in the adjustment of the telescope level-bubbte 

avoiding nut-viluM refinementa. 
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EXERCISES IN THE USE OF THE PLANE TABLE. 

The first Bve exercise in ihia , 
methods used in plune-tabk n 
" ihree-paat problem." 

Exercise P-1, 
Plane-table Survey ot a Polygon. 

(Method dE Radiation.) 

References: Pages 318-322; also pages 576, 577. 

Equipment: Plane-table, and accessories (scale, hard pencil, 
pencil sharpener, drawing paper, triangles, fine needle, thumb 
tacks), steel tape, ax, and stakes. 

Directions: Drive four stakes at random so that each will be 
;he corner of a polygon, no side of which is less than 150 feet in 
length. 2. Set up the plane-table near the center of this 
polygon, and locate the comers by the method of radiation. 
21. 3. Scale the lengths of the sides of the polygon and 
mark these lengths on the map; measure the lengths of ttn' 
udes with the ta,pe and mark these lengths on the map, thus 
affording a comparison and a check. 

tiavc the polygon oome within the limits of (he board. 

Questions: 1. Give some of the requirementa for the board ot 
a plane-table, p. 576; tor the alidade, p. 577. 2. What are 

>me of the accessories? p. 677. 3. What is a traverse board? 

. 577. 4. Give some of the tests for the plane-table, p. 577. 

, What is the peculiar eharaeteristic of plane-table surveying? 

. 318. 6. How are linear measurements made? p. 318. 

. For what kind ot work is the plane-table especially useful? 

. 318. 8. Give some of the advantages of the plane-table. 

. 319. 9. Some of the disadvantages, p. 319. 10. Give 

ime suggestions tor setting up the plane-table, p. 319. 11. In 
most plane-table work is it essential to get a point on the 
map representing the position of the plane-table exactly over 
the corresponding point on the ground? p, 320. 12. Explain 
the method ot radiation (p. 321). 13. What is the chief use ot 
this method? p. 322. 
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EXEBC18BB IN THE USE OF THE PLAXE TABLE, 

» Exercise P-2. 

Plane-table Surveying of a Polygon. 
(MclbuU of Piugreuiun. <jr TrKVening.l 
tUference: Page 322. 

Equipment: Same aa for the preceding exercise. 
Directicm: I. Repeat the preceding exeraBe, uang Ibe 
method of progresaioD, or travereing. p. 322. 2. Check tie 
work by measuring the diagonala of the polygon and compiuiii| 
the results with the lengths obtaiaed by scaling the map. 

permit, 2. ThtDughuul the work the fint sight nfler orienliog the ubli 



Question*: 1. Eiq>lain the method of orienting the plane 
table, p. 322. 2. To which method of transit surveying does 
this method correspond? p. 323. 3. IIow should check nghls 
be taken? p. 323. 4. la it necessary to set up over the lart 
station? p. 323. 5. If it is impracticable to set up over bounil- 
ary lines, how would you proceed? p. 323. 6. How can i 
four-sided polygon be plotted in two set-ups, and how could 
the positions of the comers be checked? p, 323. 7. Can the 
method of traversing be used if some of the stations are idm- 
cesable? p. 323. 8. For what kind of work is the method 
ordinarily used? p. 323. 9. In locating roads, banks of 
streams, etc., where should the etationa be chosenT p. 
10. How may details of a plane-table survey be locatedt 
p, 323. 11. In a large topographic survey how are primaij 
itatdons a valuable check on plauc-table work? p. 333. 

Exercise P-3. ! 

Plane-table Survey of a Polygon. i 

(Meiliod o( Radio-PcogresBioTi.) I 

Reference: Page 323. 

Equipmerd: The same as for Exercise P-1. I 

Directions: Repeat Exercise P-1, usinR the method of radio- . 

progression. | 

QuesHonx: 1, Give some practical suggestions for this 

method, p. 324. 2. Comment on this method, p. 324. J 
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Exercise P-4. 
Ptane-table Survey of a Poljson. 

(Methorfnf Interamion.) 
Reference: Pagu 325. 
Equipment: Same as for Eieraiee P-1. 

DiTeciiona: Repeat Exercise P-1, using the method of inter- 
Although the four stations may be located 
h two set-ups, the work should be checked by setting up ai, a, 
d station. 

Questions: 1. Give practical suggestiona concerning choice 
( stations; method of check lines, p. 325. 2. What arc the 
idvantages of this method, and in what kind of work is it 
Bespecially useful? p. 326, 

Exercise P-5. 
Plane-table Survey of a Polygon. 

(Method ot Rescotbn.) 

Reference: Page 326. 

Equipmetit: Same as for Exercise P-1. 

Directions: Repeat Exercise P-I, using the method of resectJon. 
p. 326. 

Questions: 1. What ia the peculiar characteristic of this 
method? p. 326. 2. Give practical suggestions concerning the 
method ot setting up; method of proceeding when there are 
more than four sides; method of check sights. 3. Whea is this 
method used? p. 327. 4. What are special cases of this 
method? p. 327. 

Exercise P-6. 
Discussion of Plane-table Surveying. 

(Eieroise for tha Classrooin.) 
1. Compare the five methods used in plane-table surveying. 
p. 327. 2. Give practical suggestions concerning selection of 
paper; method of carrying paper; fastening paper to board; 
protecting paper in case of rain; connecting different sheets 
when two or more ate used. p. 327. 3. Give practical sug- 



L 



gestioiu! for manipulation of the plane-table, including, tuniiD{lr 
it Blowly; manipulating the alidade- disturbance of the bouili 
p. 3^7. 4. Give practical euggestjons for plotting, includin&li 
method of sharpening pencil; use of scale; draning t 
locating several points on the same straight line; dnwing lim h 
close to a straight edge; keeping track of pointe and linei.| 
p. 328. 5. Give general suggetttions including use of raloied I 
glasses; rules for cleanliness; drawing a north and south I 
meridian; the use of check sights, p. 328. 6. How ai 
cal angles measured, and in what kind of work are they mM' 
usedT p. 338. 7. Discuss practical qiieetioas relating t 
work, including, three suggestions for choice of scale; choirp rf 
stations; method of locating details; limits of error; so 
error, p. 3L'8. 



Exercise P-7. 

Plane-table Practice in the Three-point Problem. 

Hf/fremt; Pages 329-334. 

Equipment: Plane-table and accessories, three sight polra, 
piece of tracing cloth or tracing paper. 

Directiona: 1. Choose three points, A, B and C, visible from 
a station P to be occupied by a plane-table. The points a, b, 
and c should be plotted to represent three vieible points- 
2. Find the point p corresponding to P by the mechanical 
solution on p. 32a. 3. Check the work by the graphic solution 
(Bessel's method), p. 330. 4. Repeat the eiercise by the trial 
method (Coast Survey method), p. 332. 
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Que»tiona: 1. Eicpiain the meohanical solution of the Ihree- 
point problem, p. 329. 2. Comment on this method, p. 330. 

Explain Bosael's method, p. 330. 4. What is the chief 
objection to Bessel's method? p. 330. 5. How may this diffi- 
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■ulty be overcome? p. 330. 6. On what principle is Bessers 
■olution based? p. 331. 7. Explain Llano's method, p. 331. 
3. Explain the Coast Survey method, p. 332. 9. Give rules 
for guidance in Coast Survey method, p. 332. 10. Explain 
the Two-point Problem, p. 334. 
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Eiercise To-I. 
Bunnlng In a Contour. 

ReffTtnrra: I'iigPK .TJ7-34I. 

Equipment: TiunHit, leveling rod, ax, and stakes. 

Directions: 1. Choose a place on a a[de hill where the eurfioe 
is quite irregular; set up a tranat and clamp the telescope so 
tho line of eight is horizontal. 2. Using the transit as a 
backsight on Eome neur-by bench-mark, thus obtaining tk 1 
elevation of the line of sight. 3, Setting the target at the prJpM I 
grade rod, find points at intervals of about 23 feet on a contour ' 
whose elevation is an even multiple of 5 feet, marking each point 
with a stake. 

Ibe nbjeot being lo set n row of slakes 200 or 300 fe«t long tbat will slio' 



Qjieslions: 1. Define contour; contour interval. p. 337. 

2. What are some of the customary contour intervals? p. 337. 

3. How can the imagination be helped in tracing a contour witi 
the eye? p, 337. 4. Wiat ia a topographic map? What is its 
advantage over an ordinary map? p. 337. 5. How would thf 
surface of a perfect cone be represented by contours? p. 33S. 
8. Give some of the tuaduineutal principles concerning tbe 
following points: Contour lines crossing; contour lines meiging: 
contour lines near together or far apart ; line of steepest slope at 
any point; difference between closed contour lines indicating a 
hiU and similar lincaindicating a depression ;contiaiuty of contour 
lines; contour lines in pairs; a single contour line between two 
higher or two lower lines; contour lines across a stream, p. 3.'*. 
7. Wliy cannot a contour line turn down stream? p. 333. 
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, Define ridge line; valley line. p. 339. 9. Where do the 

I bends or curves in a contour line occur? p. 339. 

, When the convex side of the curve is toward lower ground, 

3 it indicate a ridge, or a valley? p. 339. 11. What two 

methods are there of locating contours? p. 340. 

Explain the modified method, p. 341. 13. In the modified 

i,what should be thesize of square? p. 341. 14. Give a 

jratem of numbering the comers of squares, p. 341. 



Exercise To-3. 

Topographic Survey of a Small Area. 

(Direct Method of Running In Contours with a 

Spirit Level.) 

References: Pages 348, S 411 (a); 339, g 401; 341-348. 
Equipment: Transit, level, leveling rod, drawing-board mounted 
I tripod with accessories for plotting, including protractor, 
ale, and triangles. 

actions: Choose a place where the surface of the ground 
« irregular, and make a topographic survey of a small tract 
V hundred feet square by the method explained in the first 
Btration, p, 348, §411 (a). 

r.- 1. Eaoh member of the party abould fallow the method of 

* proseduTB for hia position, outlined on p. 349. B.nd before the Burvey is 

completed each nhnuld have had practice in all of the different positions. 

Read tiao Remark, p. 348. 2. After eaoh member of the party has had 

without plotting the notea, luing the combination method for 6eld nxtle^ 
explnioed no p. 340. 

Quealiont: 1. Give the general method of procedure for the 
leveinmn. p. 349. 2. As a rule, is it better to carry the work of 
leveling from station to station as the work progresses, or first 
to run a line of levels establishing bench-marks, and then to 
Btart anew from each station in running in contourB? p. 349. 

3. Give the method of procedure for the rodman. p. 349. 

4. Give the method of checking a grade rod. p. 349. 5. How 
close sbould the line of eight come to the center of the target? 
p. 349. 6. Give the method of procedure for the transit man. 

7. Give the method of orienting the transit. 8. Give 
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(lie Eucthod of procedure Tor the aximuth method, p. loii, 9. h 
it usually necessaiy to read the vernier for eitbcc veititai oi bon- 
xonlal angles? p. 349, p. 109, i iS2 (d). 10. Wbea may veiQcaJ 
luiKles be igiiotedT p. 307. 11. What diatancea should be read 
twine? p. 3i9. 12. V>hat tinea shoukl be ofaecked with a otfdk' 
p. .'MQ. 13. Give the method of proredure for the dnftEoisc. 
p. 349. 14. Give two methods of plotting azimuths, p. 349. 
15. Give dilTerent methods of reducing inclined stadia read- 
in)^, pp. 480-483. 16. Give a method of keeping track d 
pdinlB. p. 349. 

Exercise To-3. 

TopoKraphlc Survey of a Small Aira. 
(Contours Interpolated by Spirit Leveling.) 

Referenett: Page 340, § 102 ib); p. 350, j 411 (b>. 

Equipment: Same bh for the preceding exercise. 

Dirtetioris: Make a topographic survey of a small area at in 
the preceding exercise, hut use the method explained in Ik 
aecond illustration on p. 350. 

Bvmalurm: 1. S« nugxestioiu for pRHding exenjse. 2. It may bi 
mil to cnvcT esiodtly tbe mine ground a-^ in tbe prvcediba «iero«, vtd U3 

oompira the map obtained hy interpoUting nmtoim Kiib thai cibiaiaBl >> 
Iha pnoedint exatvlaa by running in oonloun. 

Exercise To-4. 

Topographic Survey ot a Small .\rea. 

(Contours Interpolated by Means of the Vertical Angle 

Method.) 

Refererice: Page 350, S 411 (c). 

Equipment: Tmnait, Htadia rod or leveling rod, drawing-board 
mounteil on tripod wijh ftpcessorica for plotting, iitcluding pro- 
tractor, scale, and triangles. 

DiTf-ctioia: Make a topographic survey of a small area : 
the preceding exercise, but use the vertical angle and stadia for. 
determining elevations instead of the spirit level, following the 
methofl of procedure outlined in the third illustration, p. 350. 

Sunpolwru,' Bea lUgKationa for the pneeding txemlse. 

i I 



EXEBOISES IN TOPOGRAPHIO SOEVBYINa. 87 

Questions: 1. Give the method of procedure for the transit- 
man, p. 350. 2. Ho\¥ can apirit leveling be used in connection 
with this method? p. 350. 3. Give the method of procedure 
for the rodman. p. 350. 4. Give the method of procedure for 
the computer, p. 350. 5. Explain the use of the abridged 
method of multiplieatjon in reducing stadia readings, p. 481. 
6. Give the metliod of procedure for thp, draftsman, p. 360. 
, QivB precautions for keeping track of pointe. p. 350. 



Exercise To-5. 

QuestloDH Pertaining to Topographic Surveying. 
(For Cia^s-room Discussion.) 

Questiom: 1. Name the diiTerent kinds of work done in a 
topographic survey, p. 339. 2. What is meant by horizontal 
control? p. 339. 3. What is meant by vertical control? p. 339. 
4. Is the work of horizontal control always carried on aimul- 
taneouely with that of vertical control? p. 339. 6. Give the 
different methods of estabhshing points of horizontal control. 
p. 340. 6. Give the different methods of estabhshing points of 
vertical control, p. 340. 

Questions Concerning Horizontal Conirol. 

. Method of establishing primary stations in an extensive sur- 
vey? p. 341. 8. Method of establishing secondary stations? 

, Method of tying the survey to a reference meridian? p. 341. 
10. Methods of locating details? p. 342. 11. General methods 
of locating contours? p. 342. 12. For angular measMrements, 
M the azimuth or the direct angle method most used, and why? 
p. 342. 13. What three other methods of horizontal control are 
frequently used? p. 342. 14. What method is most useful for 
a,r measurements in a topographic survey? p. 342. 15. 
What precautions should he taken when the azimuth method is 
used? p. 342. 10. What precaution should be taken in estab- 
liBhing Bub-stations? p. 342. 17. As a rule, is it necessary to 
lead the vernier in locating contour points? Give an illustration 
of the error involved in not reading the vernier, p. 343. 



Qufulians Concerning Vertical Control. 
18. Methods of determining elevations of primaiy aUtioiii! 
1>. 343. IS. Methods of determining elevationa of secondary 
Btiitions? p. 343. 20. Methods of detcmumng elevations a\ 
Fontour points? p. 343. 21. In reading vertical angles lo 
contour points, is it necessary ta read the vernier? IlluatnU 
the error involved in not reading the vernier, p. 343. 

General Queelvma o/ Field Work. 
22. Give some considerations which govern the choice of atatioH 
for horizontal control: (a) for trian^ulatioD statioiiB, p. 192, 
§ 247; (b) for secondaiy stations, p. 149, g 216. 23. In general, 
fmm what stations are contours most easily controlled? p. 341, 
24. What are some of the other places where etationa should be 
located? p. 344. 25. Give some suggestions for chooaiiigstatioaa 
tor vertical control, p. 344. 26. Give suggestions for chooang 
controlling points of contours, p, 344. 27. Give additional 
suggestions for choosing controlling points for contours when the 
method of interpolation is used. p. 344. 28. What considcra- 
tiona govern the choice of contour intervals? 29. Give some of 
the considerations which govern the choice of methods and of 
instruments, p. 345. 30. Give some of the common eombina- 
tiona of instrunientJi and methods, p. 346. 

Questions Concerning Field NoUa. 
31. Give two general methods of keeping field notes in topo- 
graphic surveying, p. 346. 32. Explain the combination 
method of keeping field notes, p. 346. 33. Explain the 
method of plotting notes in the field, p. 347. 34. Give soroe 
suggestions for sketching topography, p. 347. 35. Give soma 
practical suggestions for field not«8 concerning the following 
points (347) : special form of note book ; common mistake in 
recording; uses of drawing-board and protractor; keeping track: 
of the points; effect of moisture on paper; choice of scale. 



k 




GROUP M. 

EXERCISES IN DETERMINING A TRUE MERIDIAN. 



Exercise M-1. 

Determination of a Meridian bf Ob§ervattons on Polaris 
at Elongation. 

Reference: Chapter XXVIII, p. 354. 

EquipmeTil: Transit, lanternB, ax, etakea. 

LHreetians: 1 , Before the night of the observation, look up the 
time of elongation, of Polaris. 2. Set up over a stake and pro- 
ceed as esplained in § 414, p. 35fi. 

Field Notes: Keep a complete record of the work done, includ- 
ing a sketch showing the position of all stations or stakes. 

SuffoeiKoTU.* It is well to conduct Ihia exerciBe in coonention with Bome 



t least 300 feet. I( tl 



puled tliB day follagrins 
EAch Ljoe established at 
ilaeir. (See sicetch, p. 3» 



p. 3S7. tbus eli 
able to take se 
more thaa lU m 



a time of the obaervati 
The resulta tiius obta 



Qvestiiins cmwerning Polaris: 1. Is Polaris exactly at the 
north pole? p. 354. 2. If any star were at the pole how would a 
; true meridian be determined? p. 354. 3. Why is Polaris chosen 
for observations? p. 354, 4. Describe a simple way of finding 
Polaris, p. 355. 5. To what constellation does Polaris belong? 
p. 335. 6. Define upper culmination and lower culmination. 
p. 355. 7. Define eastern elongation and western elongation, p. 355. 
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H. What a tbe Eideral daj-? p. 355. 9. If PoWis Tmhti 
ita <m«teni eloagBtraa <iir utjr olfaer point id its orbii) at 
7.45 p.«, on one evemog, at what time will it reach the fo 
on the next evening? p. 355. 10. Define polar dUtimce- Whit 
U it« approximate value and approximate ral« of change per FFsi? 
p. 355. 11. If ftn observer at tbe equattnr points the lele^cnpr 
of hu transit at Polaris when at its eastern elongation, hoK fir 
will the line of sight be east of the true north? p. 353. 12. Ei- 
t^in why as the obaerver moves north from the equator tbe angle 
between a line of eight to Polaris at elongation and the true 
meridian grows larger, p.355. 13. Explain tbe difference belwmi 
aiimuth and polar distance, p. 353. 14. Hotr can one tell il 
what vertical angle to set the telescope in order to bring PoiRriB 
inUi the field? p. 336. 15. When Polaris is at its upper or lover 
culmination, how can the meridian be obtained? p. 356. 113- 
What is an approximate method of determining when Polarifi 
reaches ita culmination? p. 356. 17. When Polaris is betwwn 
elongation and culmination, how can ibi aiimuth be delertnincilT 

Que^tiona concerning the meiAod* of observing Poiaria: IS. 
Name three methods of observing Polaris, p. 356. 19. Give in 
order the steps wbich must be taken in obaerving Polma at elon- 
gation, p. 356. 20. What two objections are there to taking 
only one observation of Polaris at elongation? p. 357. 21. Ex- 
plain a modified method by which these objections may be 
overcome, p.337. 22. Explainhowtocalculate the time of elong- 
ation, p. 357. 23. Why ia it necessary that the transit should 
be in adjustment and that special pains should be taken in 
leveling up? p. 357, 24. What is a common way of bringing 
Polaris into the field of the telescope? p. 357. 25. Give practicsi 
BUggeations for focusing; for illuminating cross-hairB. p. 357. 
26. Describe the movement of Polaris in respect to <»Msa-hairs aa 
the star approaches elongation, p. 357. 27. What precaution 
should be taken after sighting on a star before depressing the 
telescope? p. 358. 23. Give practical suggestions for setting a 
stake and establishing the point after depressing the telescope, 
p. 358. 29. Explain the use of the approximate formula for check- 
ing observations, p. 3SS. 

Qumlimu canctrning other methods of tAserving Polaris: 30. 
l-!xpl(iin the method of observing at culmination, p. 358, 31. 
Explain the method of observing Polaris at any time, p. 358, 
83. What are the advantages of ot>9erving Polaris at elongation? 
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p. 358. 33. What JB the largest penniaaible error if this method 
is used? p. 358. 34, What are the advantages and disadvan- 
tagesof themethodat culmination; atany time? p. 358. 35. Ex- 
plain how a true meridian may he determined roughly by means 
of a plumb-liue. p. 358. 36. Wliat error may be expected in this 
method? p. 358, 37. Explain the method of determining mag- 
netic declination, p. 3S8. 38. Give practical suggestiona concern- 
ing the declination arc; overcoming a, lack o( aensitivenesa of the 
needle; determiniog the declination without staking out a north 
and Houth line. 

Exercise M-3. 

Determination of a Meridian by a Single Observation 

on tlie Sun. 

References: Appendix, pp. 620-627. 

EquipTneni: Transit, stakes, ax. 

Directions: Set up at one end of a line the bearing of which is 
to be determined, and follow the directions given in Art. 603, 
pp. 624 and 62S. 

Field Notes: For form aee Art. 603 (d), p. 627. 

SavBcttinnt: (RsBd also the practical suggeatEoiui on p. 62B, noting par- 
ticularly suniesiiwi (3) as to laveling up. also ixaatetiim (15), p. 88.) The 
HtBhould be in perfect adjuatment; tliia is ounvHuieot but not altogBlher 
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Questions eonceming the iun and its image: 1, What is the sun's 
apparent diameter July 1? Jan. 1? Wliat causes this variation? 
p. 625. 2. Does this apparent diameter vary with the sun's 
altitude? 3. What is the refraction correction for bodies on the 
horizon? bodies at an altitude of 45°? bodies at the zenith, and 
why? p. 624. 4. Is the refraction correction additive or sub- 
tractive as appUed to an observed altitude, and why? p. 623. 
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5. What determiDea the amount of thia correction other than i 
body's altitudeT p. 623. 6. Which appears to us larger, tiie sun 
or the moonT 

Questions concerning Jield work: 7. What ia the beet time ri 
day for observations by this method? p. 625. 8. Why invert llie 
telescope before taking second observation? p. 625. 9. Why take 
the two ob»ervationij within a few minutes? p. 625. 10. What are 
errore of eccentricity and how corrected? 11. How nearly 
should aiimuths by tbia method be relied on? 12. What is the 
comparative accuracy of two obBervations made with equal 
care, one at S a.m. and one at 11? 13. How does the probable 
error of an aiimuth obtained by a single obBcrvation on the sun 
compare with that of one from Polaris at elongation? 14. Give 
the method of procedure used when the tranait has a prisraatir 
eyepiece; when it has not. 

Questions Concerning the Solviion of Ike Aslronomicat Triangle 
for Atimuth: 15. DeRne declination, p. 621. 16. Draw the 
astronomical triangle for the sun in July (declination 20° north), 
for an observation about 9 a.m. in Latitude 40° north. 17. 
Draw it for the sun in December (decimation 20° south), for J 
an obsen-ation about 3 p.m. in Latitude 25° north. 18. When ii 
the declination of the aun lero? 19. When does it change moat 
rapidly and how much is the change per hour? When most 
slowly and how much per hour? p. 622. 20. Neglecting refrac- 
tion, how high is the sun in the sky at noon on March 22 in IjatitudB 
40° north? 21. Is the time used in the solution of the triangle? 
What ia the object oE recording it? What would be the effect 
on the solution o( an error of five minutes in the recorder's watch? 
22. Explain how the term azimuth ia understood by astronomers; 
by surveyors. 33. Compare this difference with the dilTerenoe 
between the beginning of the astronomical day and of the civil 
day. 24. Is it necessary to know the longitude with aocuracyT 
the latitude? 25. If you knew neither longitude, latitude nor 
lime precisely, could you use this method and 
results? 
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Exercise M-3. 
Determination of a Meridian with Solar Attachment. 

Refcrirnces: Appendix, pp. S27-632. 

Ei/uipinent: Transit with solar attaclimeat, stakes, as. 

Note: Tile solar attachment may be either Burt (604 a) or 
Saegmuller (604 b). In case the transit ia provided with anotber 
form it may be necessary to conaiilt the maker's catalogue for 
aome suggestions as to its use. The principle of the graphic 
Holution of the spherical triangle (see Fig. 600) is common to all. 

Directions: Determine the bearing of the line in question by 
Betting up at some convenient point thereon and following the 
method of procedure outlined on pp. 630-632. 

Field Notes: These should include latitude of place, apparent 
declination of sun, standard time of observation and true bearing 
obtained. 
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QuesliOTis: 1. Does the retraction correction vary with the 
I, declina,tion only? 2. When is it greatest and when least in Lati- 
■ tude 40° north? 3. On what does it directly depend? 4. Is it 
I additive in north or south declination? p. 631. Why? 5. Must 
W a similar correction be applied to the latitude? 6. Draw the 
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Mtronomical triangle for Latitude 45° north, aaGuming the IJnie 
Uibe3p.v. on Nov. 5 {declination 151= south). T. WhatiBllie 
sud'« apparent path for a single day, exactly? approximalel)'! 
p. 628. 8. Define dtielination, atimulk, hour circle. Art. 601. 
9. How does the local time enter into the problemT latitudo! 
loogitudeT 10. Which must be known most accurately, and 
how large an error is pOTniasible in each? 11. What will be the 
an^ between the vertical planes of the two telescopes (SMgimil- 
ler>orof tbe solar attachment and the telescope (BurtJ atthedo^ 
of the operation? 12. How may it be measured in ei 
what does it represent? 13. Article 604 (b) (2) t 
'atdex error in the vertical circle. How would this e 
the setting off of the declioalion? 14. Is the eolar attachmeol 
applicable for uk with a star* 15, What are the principal 
diffo^nces between the Burt and the Saegmuller siolar atloch- 
mentfl? p. 631. 16. Which would you prefer on a partly cloudy 
day? ir. Which is most accurate? 18. What are the advan- 
tages and disadvantages of the solar attachment method as 
compared with that of single solar altitudes? Compare their 
accuracy. 19. What should be the limit of error of the solar? 
How does either aolar method compare with tbe rolaria metliodl 

20. Pint thecurveofdeclinationoftheauntorallor half theyear. i 

21. Wliat is the cause of the change? 22. Does it go through a 
complete cycle in a year of 355 days? 23. What other forms oE 
solar attachments are in u.se beside the Burt and Saegmuller, 
and what are their distinctive features? 
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A STUDY OF SURVEYING INSTRUMENTS. 

9 Bxn'ciBcs in this (croup ant iateudetl tor oLafla-room diflcuBsi 
TimiLry parte of Burveying instnimenl^ and of each ioBTJUiuen 
' For the reaaoDS giveo on page 537 it ia well to postpone moat oj 
HLODS until aft«r the student bad become somewhat ac^uBtomed 



Exprclae I-l. 
[ Tbe Vernier, the Magnetic Needle and the Level Bnbble. 

References: Pagea 538-545, JS 565, 666 and 567. 
Questions: 1. Who invented the vernier? p. 538. 2, Of what 
does a vernier consist? 3. What ia meant by the " least count "7 
' Illustrate by a sketch, or by constructing a rough Tcmier and 
Bcaie of paper or eardboafd. 4. What mark on a vernier usually 
serves as an indicator? p. 539. 5, What two steps are involved 
in any reading made by the aid of a vernier? 6. What is the sole 
use made of the vernier? Remark, p. 539. 7. Illustrate the 
method of reading a vernier either by a sketch or by means of a 
rough vernier such as that referred to in the second question. 
8. What ia the difference between a direct and a retrograde 
vernier? p. 540. Which form is the most common? When are 
retrograde verniers used and how are they read? 9. Give a 
general rule for determining the least count of a vernier; give a 
simpler rule. 10. By meana of the figures on page 230 explain 
how to read a vernier on a leveling rod target, and point out the 
"danger points" where mistakes are likely to occur. 11. By 
i of the figiu'ES on pages 7S to 82 explain how to read " 
I verniers on transits and point out the "danger points." 12. 
L. Describe special forms of verniers such as a " folded " vernier, p. S3. 
Questions on the Magnetic Needle; See Questions under Exercise 
a 70 of this book, 

n the Level Bubble: See Questinns under 
1 L-5, pages 51 and 54 of this book. 
95 





■Q INSTKOMENTS. 

, Exercise 1-3. 

Theory of Lenses. 

> Refermee: Page 545, § 568. 

Qaettiaw: 1. What three forms of lensea are used moat in 
telescopes? p. 545. Are they used singly or in eombinatioa? 
p. 546. 2. Of what shape la each surface of a double conisi 
I lenaT 3. Define optical center; principal focus; principal oiii 

I and /oca! length, a.nd illuatrate by means of a sketch. 4. Upon 

frhat does the focal length depend? If the focal length does not 
depend upon the she of the lens, why is it usually greater for a 
large lens than for a small one? ■'>. fiive the general proposition 
concerning a cone of rays emanating from a principal focus.and 
itlustrate by a, sketch. 6. How does tliis proposition apply 
to raya from the sun? p. 547. 7. Give the gcaeral propoBttion 
ooncerniog a cone of rays enmnating from any point beyond the 
principal focus. 8. Define conjugate foci; secondary axie. 9. 
From a principle of optics state the relation between the two 
distances from a lens to conj ugate foci and the focal length of that 
lens. 10. Give the general proposition coQeemiog a cone of 
rays emanating from any point at a distance from the lens tea 
than the focal length, p. 54S. 11. De^ae virtual conj itgatefocm. 
12. How are images formed by a lens? 13. When is an image 
real and inverted and when virtual and erect? 14. What is tlie 
fundamental principle of the magnifying glass? 15 Whan is 
no image formed? 10. What is the fundamental principle upon 
whichtheobject glasBof a telescope isconstruct^Kl? 17. How far 
from the lens of a camera should an object be placed to be photO' 
graphed exact size? (Prove by equation (1), p. 547.) Honr far 
from the lens must the object be if the photograph is smaller 
than the object? Larger than the object? IS. To what is | 
spherical aberration due? p. 549. To what is chromatic aberra- j 
tiondue? 19, How can spherical aberration be corrected? How 1 
can chromatic aberration be corrected? 20. What is an ocAro- ' 
nuUic lens? I 
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Exercise 1-3, 

The Telescope. 

Ueferenee: Page 54S, § 569. 

Questions: 1. What is the function of the object glass of a 
scope? p. 549. Of the eyepiece? 2. What ia the difference 
jetween an iaverting and a non-inverting telescope? Where 
I this difTereace lie? 3. Explain the conatrtiction of an 
eyepiece. How may it be centered? 4. Explain the construc- 
ioD of the objective. How is it moved in or out for focusing? 
. Explain the construction of the cross-hair ring, and method 
f attaching cross-hairs. 6. How may the reticle be drawn to 
■ne aide or the other of the telescope tube? Why are the holes 
L>r the capstan screws left unthreaded? Why ia it necessary to 
loosen one capstan screw before tightening the opposite screw? 
How may the whole ring be turned slightly? When is it neccH- 
eary to turn it? 7. By means of a sketch, illustrate the theory 
of lenses applied to a non-erecting telescope, making clear what 
general proposition applies to the objective and what to the eye- 
piece, p. 550, \ 569 (b). Explain the reason for the rule for 
focusing. 8. By means of a sketch, explain the difference 
between an erecting and a non-erecting eyepiece. 9. Compare 

t these two types of eyepieces, giving the advantages and dis- 
advantages of each. Remark, p. 553. 10, Name two special 
forms of telescopes. Nate, p, 553. 11. What can you say regard- 
ing the terms " line of coUimation " and " line of sight "? 12, 
Explain three defects which are inherent but should be corrected 
in telescopes. 13. Upon what does good " definition " depend? 
14. What is " illumination " and upon what does it depend? 
What is the relation between illumination and magnifying 
L power? 15. How does the "size of field" vary? 16. Upon 
■ what does " magnification " depend? Explain the relation 
P between magnifying power and the size of the aperture; the 
relatioa between magnifying power and the level-bubble or the 
vernier. 17. Compare high power and low power telescopes, 
giving the advantages and disadvantages of each. p. 555. 18. 
For a given length of telescope why can the power be increased 

I by using a non-erecting instead of an erectii\g eyepiece? IS. 
For a given power how is the height of standards affected by the 
DSC of a non-inverting eyepiece, and why is this an advantage? 
20. How can a high and low power be obtained in the same 
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tclMOOpe, and what are the advaaLages of such a l^leacapL,' 
Remark, p. 553. 21. What is " parallax," and liow may it bo 
eliminatedT 22. Describe the Xrsta for flatness of field- p. 536; 
tar definition; for ^le of field ; for size of aperture; for magnifying 
power. (These tests should )>e made by each student if cat 
Btaoces permit.) 23. Summariie the priocipal points U be 
remembered in connection with the Idescope aa regards the 
objective, the eyepiece, the majniifying power, paralliuc, sue of 
aperture, flatness of field and inherent defects. 



ExpiTise 1-4. 
Chains and Tapes. 
R^ennce: Page 359, « 370. 

Quuliona: See page 6 of this l>ook, questions 12, 14. 15 and I6i 
and page 9, questions 1 . 4. 3 and 6. 1 . Describe how a slaAdaril 
may be established for use in ordinary surveying, p. 562. 2. 
Describe a method for testing the length of a tape. p. 562. 

Exercise 1-5. 
The Transit. 

Reference: Page 563, S 571. 

Questiom: 1. What are the three principal parts of a trandt? 
p. 563. 2. Explain how either the upper or lower plate can he 
revolved without turning the other, or how both can be revolved 
together. 3. Explain the construction of the inner and outer 
spindles, 4. Explain the workings of the different parts of a 
transit when a horiiotttal angle is measured. 5. Wliat arc the 
common methods of numbering the graduations on the limbf 
p. 67. 6. Explain how the various set-screws and tangont- 
wrews work. p. 564. 7. If a transit is in perfect adjustment and 
is properly set up, why is it irapossilJe to measure with it any 
angle which is not a horizontal or a vertical angle? Remark, p. 566. 
S. What are some of the special attachments for tile transit trnd 
thair uses? 9. Name some of the most important requirementa 
for transits as regards the spindles, p. 367; the limb graduations; 
opposite vemiera; provision for reading vernier accurately; 
relation between minifying power of telescope and least count j 
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'of vernier; between magnifying power and sensitiveness of level- 
• bubble; clamps and screws; tripod. 10. Name live additional 
requirements which may be met by adjuatmentH. p. 568, 11. 
e the teat for eceentricity. 



The Level. 

Be/erenee: Page M9, § 572. 

QtiestioTis: 1. What are the most essential qualities in tele- 
Bcopes for levels? p. 569. 2. What is the lower limit tor magnify- 
ing power? 3. Why can the magnifying power of a telescope 
a level be greater than that for a transit teleeeope and still 1)8 
consistent with the sensitiveness of the level bubble? 4. Why is 
the upper limit tor magnifying power placed at from 36 to 41) 
;■ diameters on ordinary levels? 5. What are the ordinary limits 
(or sensitiveness? 6. Upon what does stability depend? 7, What 
he two distinguishing characteristics of a wy^level? Wliat is 
the object of this construction? 8. Explain the construction 
of a dumpy level. What are its advantages and disadvantages? 
. Name some special forms of levels. 10. Describe some forma 
f home-made levels. Note, p. 571. 11. Describe some of the 
tests for the level not made in the ordinary adjuatmentii. 



Levellng-rods and Stadia Rods. 

References: Pages 571 to 575, S5 573 and 574. 
QtieaUons on Leveting-Rods: I. What is the difference between 
I, a target rod and a eelf-Teading or speaking rod? p. 571. 2. Which 
' B tlie better for orditiary leveling? 3. Wliat is the difference 
>etweea a Neu> York rod and a Philadelphia rod? i. Wliat 
, two common types of targi't are most used? p. 572. 5. What 
is the diSerence between a tai^t with a scale and one with a 
vernier? pp. 228-230. 6. What is an angle target? How does 
it help in " plumbing " the rod? 7. Describe some special forms 
sf leveling-rods. S. Describe an automatic Icveling-rod. 9. 
3)escribe a plumbitig-Uvel. p. 573. 10. What two tests should a 
Igfnd leveling-rod meet? p. 232. 
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Qvriiatu on Stadia Rodt: 11. Describe the lai^get stadia rod. 
p. A73. Ig it oFtvn uaeU in practice? 12. Gire Ktme of tbe 
requinmenU wliicli should be met by a s^>od stadia rod. Com- 
pkn ths rornu shown on page 574, giving the adraota^es and A» 
■rdvitllUKM o( eorh. 13. Uive some sugge^ions for makuf 
stadia rods. p. hli. 

Exorcise I-S. 
The ('oiiipa!tH. the Plane Table and the Sextant. 

Kf/rrmcw: I'nge £75. i 575. 

Qumturns un tht Campaan: See page 70 of this book, Qunlioni 
13 to 31. 

Quettiniu on the Plane Table: See page 7!) of this book, Queatiofii 
1 to 4. 

Qut»tunu im the Stjtanl: t. What is the distinguishing charao- 
tcriatic of lliB scxtanlT p. 577. 2. What advantage has it over 
other Instruments used for measuring anglesT p. 578, 3. In 
what kinds ut work is the sextant most usedT 4. Explain the 
method of using the sextant in measuring horizontal angles, 
5. (liVA lume praotioal Bu^eglions for the use of the sextant. 
p. 67(1. 0. How are vertical angles measured? 7. By mean* 
of u (liagntm, explain the theory of the sextant, p. 579. 

ifi« both lioniunUl and VM-tiul ansla witb iLs seiunt. Problemg limilu 



Exercise I^. 
TliF Care of Instruments. 

Reference: Chapter XLVH, p. 607. 

Que«tiiin«: 1. What arc some of the things to avoid in using 
instrumentaT p. G07. 2. What are some of the precautions which 
should be taken? p. 603. 3. Give suggestions for the care of 
steel tapes, p. 609, 4. Give suggestions for riveting a tape. 
G. Give suggestions for soldering a broken tape. p. 610. 6, Give 
suggestions for emergency repairs to a tape by a splice, p. 611; 
by rough riveting, 7. What kind of lubricants are used for 
instruments? Which ia the best? 8. How may screws and 
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screw-holes be cleaned? p. 612. 9. How may graduated arcs be 
cleaned? 10. How may bubble tubes be replaced? p. 613. 11. 
Give suggestions for the care of lenses, p. 614; of focusing slides. 
12. Explain in detail the method of replacing broken cross-hairs. 
p. 616. 13. How may dust be removed from cross-hairs? 14. 
Give suggestions for the care of tripods. 15. Give suggestions 
for the care of centers, spindles and centers. 

Note: It is well to ^ve the student an opportunity to make some of the 
repairs suggested by the above questions. Especially should he have an 
opportunity to replace cross-hairs and to mend a broken tape. 



GROIT A. 

ADJUSTMENTS. 



GENGHAL DlRGCnONS FOR ExBFUnsE» A-1 TO A-7 

Ettcli student should work at each adjustment until it batti»- I 
foctflrily cnmpleted. It is sug^iested that in large clafa^ men 
workint; on the same adjustmeot should be under tlie clo^ ^pcr- 
vlaioii of uii instnictor, and that a. jieneral dt^ussion of each ad* . 
juntmrnt of nn instrument be held before beginning the next 
adjuxltnent of that instrument. When there are a number oF 
ndjuitmentE, as in the case of the transit, this breaking of the ec 
Ihuity of the work may give to students the false impression that 
tho process is a long and difficult one. For this reason when aD 
of the adjustments of an ii^atrument have been completed b; Ihe 
MtudMita, it is well for the instructor to adjust the same instnt- 
mnnl. aa rapidly ao possible in the presence of ihe entta*e squail, 
cmpbaHizing the logical order of the adjustments and showing 
Ijow one may alfect another. 

It ia presupposed that the diacusaions in Group I, pages 95-101, 
liavu been held before beginning adjustments, and that a thorough 
Htudy of the different parts of instruments has been made. 
■popifti importance are the questions on the construction of the 
Uilnscope and the control of the cross-hair ring in Exercise 7-3, 
p, 1)7 of l.hiabook; also ()Ue»t Ions on the construction of the transit 
and of the level, Exerciser 1-5 and /-6. 

Eserclse A-1. 

Preliminary Discussion of Adjustments. 

Rflfcrences: I'ages 581 to r>B3. 
I QueKli/me: 1. Why are certain of the parts of an instrument 

I madn adjiiHtable? p. 581. 2. Can accurate work be done n 

I instrument out of adjustment? Can all errors be eliminated 

I without adjusting the instrument? 3. How long may a good 

I 102 ■ 
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Tjment stay in adjuatment? How often should it he tested? 

. What are the two steps in each adjustment of any inatrvimentT 

, What precaution should be talcea to avoid wear on holes in 

Sapstan screws and nuts? p. 582. 6. Should each adjustment be 

ifected before beginning the next? Wliat should be the final 

. In making any one adjustment how many times 

Biould the test and correction be repeated? How may time be 

. What precautions may be taken to cause an instru- 

" hold " its adjustments? 9. Give su^estions for 

(working the capstan screws of a cross-hair ring. 10. Which 

ir should be adjusted first. II. DeRne line of sight; line 

wef cotlimation. 12. If after adjustment the intersection of the 

is-hairs appears to be out of the center of the field of vision 

3 generally the trouble? 13. How is parallax eliminated? 

Bp. 555. 14. Why is it well to set up an instrument in the ahade 

Vcturing adjustments? 15. By means of a sketch, explain with care 

Tthe metliod of reversinn. IB. Show how this principle is involved 

tin the adjustment of a horae-nuide A-level explained in the note 

e57i. 



Exercise A -3. 
Adjustments of the Trans Et. 

Reference: Pages 581-591. 

Equipment: Transit, steel tape, leveling-rod, sight pole, adjusts 
ing-pins, ax and stakes. 

Directums: 1. Set up the transit, selecting if possible a level 
place where SOO-ft. sights tmckward and forward in a straight line 
may be taken, and where the telescope can be directed to some 
well-defined high point. 2. Perform, in turn, eaeh of the five 
principal adjustments of the transit by the methods explained on 
L pages 581-591, paying particular attention to the reason for each 

■ Step. (See also General Diraiians on page 102 of tliis book.) 

n OeneralQueslionaonlhe Adjuslmenlof aTranml: 1. What are 
E the five principal lines of a transit? p. 584. (lUustral* witi a 
H transit,) 2. Is it as important that the plate levels should be in 
I perfect adjustment when using the transit in level country as 

■ when using it in hilly country? 3. When is it important that thg 
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line o( gight should move in a vertical plane (eecond and lliirtfl 
luljustinenUi)? 4. What kind of work requires that the yel 
scope level should be in adjustment? S. Why b it not e^ealUll 
in meaaivini; vertical angles that the v^tical circle Bhould be in I 
adjustmmtT Caution, p. 9S. 

Que»lion»ontb£ Adjiittmmt of iMPlale Levels: (To be diacuaed 1 
before the second adjuatment Is Itegun.) 6. What is the objnl | 
of this adjustment? p. 584. 7. Describe the t«st. p. 585. 
Explain the melhoil of correction and Ktate the principle involvel. 
9. When the final lest ia satisfactory how can ru'ri-paroUeliain in 
the axes of the inner and outer epindle be detected? SuggaHmts. 
p. 583. 10. Why ia it best to adjust the plate levels with the 
lower plate clamped and the upper plate undamped? 11. Hon 
can you tell in which direction to turn a capstan screw? p. 5S6. 

Quettionii on the Adjustment of the Cross-hairs: (To be discu9se<l 
before the third adjustment is begun.) 12. Why is the hori- 
jsontal hair adjusted first? p. 5827 (7). 13. What preliminai? 
Ht«p nmy be taken? Nole, p. 586. 14. What kind of work is 
affected by the adjuatment of the horizontal hair? 15. What is 
the object in the adjustment of the horizontal hair? 16. The 
tcstT 17. Method of correction? 18. Is it necessary that the 
telescope should be horizontal during the adjustment of the hori- 
I'lntal hair? 10. Why should one point sighted at be near the 
transit, the other far away? 20. Give practical suggestioiw 
for the adjustment of the horizontal hair. p. 587. 21. When 
the horisoDtal hair Is moved up or down Is the vertical hair 
moved? Note, p. 550. 22. Suppose that in a tele^ope in 
which the eyepiece is erecting the horizontal hair should appai^ 
entlj be moved downward, which capstan screw is loosened 
and which tightened? p. II. 23. What kind of work is affected 
by the adjustment of the vertical hair? p. 586. 24. What b 
the object in the adju.stment of the vertical hair? p. 587. 25. The 
test? 26. The method of correction? 27. Why measure only 
one quarter of the distance between the two points? (Explain 
by diagram.) 28. Suppose the vertical hair is apparently Vt 
the right of the third point, which screw should be loosened and 
which tightened if the eyepiece is erecting? p. 589, (6). 29. Give 
Homo practical suggestions for adjusting the vertical cross-hair. 
SO. Suppose that after the cross-hairs have been adjusted the 
rrycpiece is taken out or disturbed in any way, would this affect 
the adjuatment of the hairs? p. 589. 
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Qualbmi on the Adjustmenl of the Standards: 31. What kind 
of transit work is affected by ttis adjustment? p. 584. 32. What 
} the object of thia adjustment? p. 589. 33. The test? 34, 
Method of correction? 35. Principle involved? 36. If the second 
point obtained in the test falls to the right of the first, which end 
of the supporting axis is the higher? 37. Give some practical 
BUggestions for adjusting the standards, p. 591. 

Qiieetiona dn the Adjustment nf the Tetesope Level: 38. What 
ie the object of this adjustment? p. 591. 39. When is it neces- 
Bsiy to pay particular attention to this adjustment? p. 5Q1. 
40. What other instrument is always adjusted by the "peg 
method"? p. 601, I. 41. Explain by means of a diagram the 
teat and the method of correction. (See also questions in connec- 
tion with "peg" adjustment, p. 107 of this book.) 

Questions on the Adjiistment of the Vertical Circle: 42. What 
is the object of this adjustment? p. 591. 43. The teat? 44. 
Method of correction? 

Queellons on Ceniering the Eyepiece and the Object-glass Slide: 
45. If the intersection of the crosa-hairs ia obviously out of the 
center of the field of view does this necessarily indicate that 
the instrument is out of adjustment? p. 601. Does it affect the 
accuracy of the work? 46. Explain how to center the eyepiece. 
47. How do the screws which move the centering ring differ in 
different instruments? p. 602. 48. Why does not the center- 
ing of the eyepiece affect other adjustments? 4!). Why is no 
provision made for centering a non-erecting eyepiece? 50. What 
can you say regarding the centering of the object-glass slide? 
Explain the method. 

of tha level. 

Exercise A-3. 
Adjustments ot the Wye-Level. 

Reference: Pages 592-600. 

Equipment: Level, one or preferably two leveling-rods, steel 
tape, adjusting-pins, ax and stakes. 

Directions: 1. Set up the level in a shady place where a 
300-tt. sight may be taken over approximately level ground. 
2. Perform in turn each of the three principal adjustments of 
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a wyp-levd liy tlic methoda explained on pages 51 
(ftce also General IXreetiom on page 102 of this book.) 3, All| 
three adjustments having been completed apply th« " 
method " test. 

Generai Quesliona on the AdjustmeiU of a Wye-Level: 1. Wlat | 
are the seven principal lines of a tvye-leyelT p. 592. (Illustrali 
with a level.) 2, What is the object of the principal adjusl- 
mcnta? 3. IIow ia the line of sight made to coincide with Oa 
axis of the collars? 4. How ia the axis of the bubble nivle 
parallel to the axia of the level-bar? p. 593. 

Quevtiona on the Adjustmeni nf the Croaa-hairs: (To be discussed 

before the second adjustment is begun.) 5. What is the objeti 

of thia adjustment? 6. Describe the test. 7. Explain the 

method of correction and state the principle involved. 8. Is 

it necessary to level up for thia adjustmontT Suggestiong, p. 5M. 

9. Give auggeationa for working the capstan screwa. 10. If 

there ore two sets of capstan screws which set is uaed? 11. Hon 

may the horizontal hair be tested to ascertain if it ia truly hori- 

lontal? If it ia not, how is the correction made? 12. What 

defects in conatruetion may be revealed by focusing on a point 

near the instrument and repeating the teat? 

, Quentioia on the Adjugimevt of Die Bubble Tube: (To be dis- 

l cuaaed before the third a<ljustment is begun.) 13. What ia the 

\ object of the firat step? p. 594. 14. Describe the test. 15. 

ft Explain the method of correction and the principle involved. 

B 16. Is this Hrst step an important one? Practical suggestions, 

H p. 595. IT. If the tube ia conical how will the bubble move 

H during the test? Can this be remedied? 18. Why put on the 

H sunshade? 19. What is the object of the second step in the. 

^^ adjustment of the bubble tube? p. 595. 20. Describe the teat. 

^^ 21. Explain the method of ourrection and the principle involved. 

^B 22. What precaution should be taken in turning the teleaoope 

^H end for cod? Practical suggeatiojis, p. S9S. 23. Give suggea- 

^^^ tions for working capstan nuts. 24, Could this adjustment be 

^^^ made independent of the wyes? 25. Explain under what i 

^^H tions this method of adjustment fails. 

^^B Questions on the Adjmtmenl of the Wyes: 26. What J 

^^H object of this adjustment? 27. Describe the test. 2S. 
^^^B plain the method of correction and the principle involved. 
^^^H Explain why imdue importance is often attached to this adjuat-l 
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it. Practical auggmliana, p. 597. 30. Why is it well to 
make alternate tests over liilferent paira of leveling screws? 
. Give suggestions for working capstan nuts. 32. When 
unable to perfect the adjustment where should one look for tha 
trouble? 33. Why should tlie "peg-method" test be made? 
Remark, p. 597. When may this test be omitted? 

Null: For qu«slioii9 on tbe "peg adjustment" see the next exercise. 
See p. lOG of th^ book for quatbns on ceiilering the eyepiece. 

Exercise A-4. 
Adjustments of the Dumpy Level. 

References: Pages 597 to 601. 

Equipment: Dumpy level, two Icvpling-rods, steu! tape, ad- 
jtisting-pins, ax and stakes. 

JHreeiions: 1. Set up the level in a shady place where 200-ft. 
Bighta may be taken in opposite directions over approximately 
level ground. 2. Perform in turn each of the two adjustments, 
using the first " peg method " for the first adjustment. 3. When 
the adjustments have been completed apply the second "p^ 
method. " (See also Practical suggestions, p. 599.) 

QueslitiTia nn tfte "Peg Adjustment:" (To be discuaaed either 
just before or just after the first adjustment of the dumpy 
level.) 1. What is the object of this adjustment? p. 597. 
2. By means of a figure, explain the test used in the first "peg 
method," and derive an expression for the error, p. 598. 3. 
What two methods of correction are there? Explain the first 
method; the second. 4. If the line of sight ia inclined down- 
ward is the error added or subtracted? Pradical suggestions, 
99. 5. Give suggestions for ohoosing positions of pegs. 
6. Why should more than one pair of readings be taken at the 
first set-up? 7. After the final adjustment of the target why 
should the rod be held at the stake nearer the level? 8. What 
defects of a wye-!evel may be disclosed by the "peg-method" 
test? How may they be remedied? 9. In applying the peg 
adjustment to a transit or a wye-level is it better to adjust the 

ss-haira or the bubble tube? 10. By means of a figure, 
explain the test for the second "pegraethod," p. 600. 11. 
Explain the method of correction and the principle involved. 
12. Explain a modified method of the peg adjustment, p. 600. 
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. Questions on the Adjustments of the Dumpy Level, 13. What 
axe the principal lines of the dumpy level? p. 600. 14. What 
is the object of the first adjustment? p. 601. 15. What is the 
test and correction? 16. As a rule is it better to adjust the 
cross-hairs or the bubble tube? Why? 17. Why do some 
engineers prefer a dumpy level with a non-adjustable bubble 
tube? 18. What is the object of the second adjustment? 
19. What is the test and correction? 20. Explain how to 
adjust a dumpy level on which no provision has been made for 
raising or lowering the standards. 

Note: See p. 105 of this book for questions on centering the eyepiece. 

Exercise A-5. 
Adjustments of the Compass. 

Reference: Pages 602-603. 

Equipment: Compass, adjusting-pins, plumb-bob and string, 
fine file, pliers or small brass wrench. 

Directions: Make the tests for each of the four adjustments 
of the compass. For obvious reasons it will usually be imprac- 
ticable in class work to make the corrections in the last three 
adjustments. 

Questions: 1. What is the object in the adjustment of the 
levels? p. 602. Give the test and the method of correction. 
2. What is the object in the adjustment of the sights? Explain 
the test and method of correction. 3. What is the object in 
the adjustment of the needle? p. 603. Explain the test and the 
method of correction. Give some practical suggestions for this 
adjustment. 4. What is the object in the adjustment of the 
pivot point? Explain the test and the method of correction. 
5. Explain other tests for the compass, p. 576. 6. How may 
the needle be balanced? p. 612; how may it be remagnetized? 

Exercise A-6. 
Adjustments of the Plane Table. 

Reference: Pages 603-604. 

Equipment: Plane table and accessories, adjusting-pins, level- 
ing-rod^ steel tape, ax and stakes. 
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IHreciions: Make in turn each of the Gve odjustmentH of the 
plane table. 

Questions: 1. Explain the adjuatment of the levels, p, 604. 
2. Explain the adjustment of the board. 3. Explain the 
adjustment of the telescope. 4. How may the line of sight 
and the edge of the ruler be made to lie either in the same ver- 
tical plane or in parallel planes? la this essential? Remark, 
p. 604. 5. Explain the adjustment of the telescope level. 6. 
Explain the adjustment of the vertical circle. 7. Explain other 
tests Cor the plane table, p. 577. 

Enercise A-7. 
Adjustments of the Sextant. 

Reference: Pages 604^606. 

Equipment: Sextant, two blocks of wood or other objects of 
equal height, screw-driver. 

Direetions: Make in turn each of the four adjustments of tfie 
I sextant. 

QTiesHons: 1. Explain the adjustment of the index-glass. 
p. 604. 2. Explain the adjustment of the horiaon-glasa. p. 605. 
Give some practical su^estions for this adjustment. 3. Ex- 
plain the adjustment of the telescope. Give suggestions. 4. 
Explain the method of determining the index-e/ror. p, 606. Give 
suggestions. 



PART II. 

EXERCISES IN OFFICE WORK. 
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Introductory. 

The first eevea groups of exercises in Part II are problemB in 
oEBce computation, wtiile the remaining exercises a^re devoted to 
plotting and mapping. In each of these two kinds of worit 
exercises are arranged in a progressive order, but it is inteaded 
that problems shoulil be given. albsmatelj, first in one and then 
ID the other, so that the student may have practice both in cum- 
puting and in plotting from the beginning of the course. There 
is u decided advaDtage in thus carrying on the two kinds of 
woric side by side. 

It is suggested that a separate-leaf notebook about S x 10) 
inches be used for all computations. Each problem should 
be numbered to correspond to the number in this book, aod 
dated. It is well at the top of each page to insert a tieading 
which will show at a glance the nature of the probler 
page. After problems hane been checked Ihey should be reinsertei 
in the notebook, carefully arranged in order for future refenmtt. 
As problems in one exercise frequently involve work already 
done in a previous exercise, this arrangement is important. 

ThrouE;hout the course, checking computations should be c 
eidered just as much a part of the work as making the compu- 
tations in the first place. (See p. 362, { 420.) Much valuable 
training will be lost, moreover, if the student does not constantly 
strive to acquire the systjimatic methods of procedure whidl 
help so much in avoiding miatakes as well as in saving tinie. 
(Seep. m-i. H21.) 

All pa^p references in Part II marked with a 
example, p. 1 12 *) refer to pages in this book. Al! other page 
references are to pages in the author's text-book on Plan6 SvT- 
■veyijig. 

Since instructors may desire to insert additional problems, tha 
Dumberin); of problems is not continuous, intervals being left at 
the end of nearly every set. 
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Exercise G-1. 
Short Cuts in Aritlinietica! Work. 

References: Pagca 362 to 377. 

Problems: 1. Explain how to multiply mentally 42 by 36, 
p. 364, § 424 (a). 2. Reduce 38 cubic yards lo cubic feet 
mentally, p. 364. 3. Multiply 4821 by 819, p. 364, | 424 (b). 
4. Divide 5629S1 by 72, p. 365, § 424 (e). S. Multiply 589432 
by 43416, carrying the result accurately to five places, p. 366, 
J 424(d). 6. Multiply 589432 by 43416,usinE the uaual method 
of bug multiplicatioQ, and check the result by casting out 
nines, p. 366, § 424 (b). 7. Divide 58,264362 by 6.2314, carry- 
ing the result to four places (i.e., two decimal places), p. 366, 
i 424 (e>. 8. Divide 58.264362 by 5.2314 by the ordinary 
method of long diviaion and check the result by casting out 
nines, p. 367, § 424 (i). 9. Explain how to square mentally 
44, 55, 7i, 71, p. 307, § 424 (j). 10. Find mentally the square 
root of 73 to two decimal places, p. 368, § 424 (k). II, Ex- 
tract the square root of 78620 by the approximate method, 
p. 308, I 424 (I). 12. Explain the method of checking by 
"Second Differences," p. 368. 13. Check the result of prob- 
lems 6 above by excess of ll's, p. 369. 

Quesjions: I. Explain by illustrations different from those 
given in the book at least four general methods of checking 
computations, p. 362. 2. Name some of the approximate 
checks to be used in office work, p. 363. 3. Give some sug- 
gestions tor saving time in office work, p. 364. 4. What is the 
main object in grouping tike operations in addition to saving 
time? p. 364, S 423. 
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Exercise G 2. 

Conslatent Acciuacy In Computations. 
Reference: Page 369, i 425. 

Noitt Tht ■ludiHit BhDuki iludy ( 425 with great care brfore mrlant 
tbg prublems. The importance of this exercise am tiatdly be i>ver«ii- 

aod money «■ Ul« OMrying of com piitsl ions tn an unnecessBry and unwsi- 

h> may put upon thia nubjwt. 

PROBLEMS. 

14. A lot ia 724.3 feet by U4.6 feet. Compute its area hi a« 
many places as the data will permit. (See illustmtioti 1, p. 373.) 

15. Same as problem 14 except the lot is 724.35 feet by 64.62 
feet. (See iUuHtration 11, p. 373.) 

10. The radius of a circle ia 2.167. Find tbe length of ita 
circumference to as numy places as the data will permit. (See 
illustration III, p. 373.) 

17. The base of a triangle is given as 34.532 and the adjacent 
angle as 27" 27'. If the triangle is right-angied, what is 
the length of the perpendicular 8ide7 (See illustration IV, 
p. 373.) 

IS. Same as problem 17 except the angle to the nearest 10* 
is 27° 27'. (See illusttation V, p. 373.) 

19. Same as problem 17 except that the base is given as 34^ 
feet. (See illustration VI, p. 373.) 

20. The length of a line ia given by the lengths of fours^- 
ments oa follows: AB = 354 feet, BC - 3521 feet, CD = 21.69 
feel, DE = 1.432 feet. What ia tbe total length of the line 
AE expressed to as many places as the data warrant? 

21. The circumference of a circle is given as 21.6 feet. Ex- 
press its radius to as many places as the above length of the 
circumference will permit. 

22. The perpendicular aide of a right-angled triangle is given 
as 4368 feet and the base as 4S00 feet. If the latter n 
ment was taken to the nearest 100 foot, express the t 
tbe angle to as many places as the data will permit. 



e tangent ot J 
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I QticsCioTie: 1. It ia stated that 25 men surveyed a. line 25 

m milea long. Wliat is the esscatial difTerende between the num- 

■ ber 25 as appUed to men and aa applied to inileB? 2. How 

l-many certain figures in the first "25"; in the second "25"? 

I" 3. Explain why consistent accuracy is not gained by carrying 

L&ll numbers to the same number of decimal places, p. 370, 

I i 425 (a). 4. What must one know in order to determine how 

I many certain figures there are in numbers ending with ciphers, 

* tts, for example, the number 4000? p. 370, § 425 (b). 6. How 

many certain figures are contained in the number 0.0051, 

p. 370? 6. Illustrate the effect of uncertain figures in addition 

and multiplication, p. 371. 7. Give the general method of 

multiplication, p. 372, | 425 (g). 8. Give general suggestions 

for retaining and dropping figures in computations, p. 372. 



Exercise G-3. 

Tr^onometric Relations Between the Sides ot a Right- 
Angled Triangle. 



Reference: Page 640. 
.Vote.' Thfl trigononiBtrio n 



right-angled 
n multiplied 



right tiiangles. 



Directions: 1. Draw caretiilly with drawing instruments a 
ijght-angled triangle ABC, whose base AB is 8.62 inches and 
whose perpendicular side BC is 6.24 inches (use the side of the 
scale divided to SOths of an inch). 2. Draw the arc of a cir- 
cle, beginning at B with .4 as a center (radius AB) correspond- 
ing to the first quadrant in trigonometry. 3. From this 
figure BC is evidently tangent to the circle, and the radius of 
the circle is AB; hence, AH multiphed by the tangent of CAB 
' urill give the length of BC; or, what is the same thing, BC divided 
I by AB (the radius} gives the tangent of CAB. Likewise, AB 
multiplied by the secant of CAB will give the length of AC. 

Problem 23: 1, Find the natural tangent of CAB in the above 
triangle to as many decimal places as the data will warrant. 
, Look up in the table of natural tangents the corresponding 
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V»lue uf CAB. 3. Find the tm^ ol AC bj miMf^iv 
by tbn Mtniuit nf Cj4 B, or, what js the iiiia ik^, [^ # 
<4ti l>y lliu omiue of CJS. 4. Cbtck the ki[«dt of JCbr 
wiuarliiK AB ami fiC, uring the taUe of i»iiiniiiii, p. C83;dn 
by RoaliiiK the length of AC on the draaing. 

tfirecliimi: Uruw the same trian^ ABC, tnt wilk J » k 
mnitcr nnil AC ma. radius draw aa arc cornapuidiiig to tbefnt 
iliiBdrnul, FiitietrutiH will now be raultiplkd hj AC (tlw rafni) 
(lutoud uf AS, the triangli! lying wholly within ifae q 

AC Bin, C^S - BC 



I'nililtm 24: liainK the vclIiks of AC and of CAB found id 
thp {irMiedlrig prulildin, find the lengths of CB and AB by the 
aliuvo Futliiuliu to aa many places as the data will wansmt. 

Nnlt' Thii (tU'ltnt will obMrve thai vben a triaoste Iks sboll; sfl 
thi qiikdrtnt [I.On lU bypntbenuse ii the radiiu ol ihs arcl the aue . .. 
emlHi u* Um rungllow luwl. whems, if ii extends outskle of tho <|U>d- 
ranl (I,*,, thtbaiwla thfttwliuii) tho UoRcnl.fliCHiiKEni.secHDl au) hsi 
kr* iiMil. Whan, m In tiiaiiv hooks, tables of Keaata are omitlBl 



Vse of Logarlthmg. 

Itf/rrrnem: ruRfs ;i74 to .f7C, pages 650 and 71S. 

IHmrtionn: I. Bpforo beginning this esercise go throu^ 
tllP tftblra, p, 710 to p, 703, drawing indices or arrows at esch 
nf lliD lour comrra of every pnge as indicated on p. 375. 2. C 
H narrow itrip of cardboard print two seta of headings to I 
the tabt™ m siiRgratod in § 420 (4), p. 375. 

ProhUm-ja: 1. Given a triangle ABC right-angled at i 
All^-2i'7\"; BC - l(t'4jlj'. Reduce the given lengths I 
ffixt mid dKcimiklH nf a foot. (Use table on p. 650.) 2. Find 
Uiii rmtviriil tangent of tho angle CAB. 3. Find the w 
•ponding value ot the angle CAB. (Table XV.) 4. Find the 
logarithm of the natural tangent obtained above io (2). (Table 
XVII,) 6. Look up in the logarithmic tables (XVIU) the 
logarithmic tangent corresponding to the angle found in (3), and 
oompare tbia logarithm with the logarithm found in (4). 
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1. log. coe. 98° 12' ■ 


2. tog 


tan. 155° 13' ^M 


3. log 


sin. 168° 12' ■ 


4- log 


cot. 109° 43' ■ 


5. log 


COB. 109° 12' 20' ■ 


6. log 


tan. 21° 33' 44' ■ 


7. log 


sin. 123° 14' 32' I 


8. toi 


cot. 164° 12' 18' ■ 


PToblem27: Find the angles corresponding to tlio following M 


logarithmH:* M 


1. log. ^B. A = 9.918U7 1 


2. log 


tan. B = 10.888449 ■ 


3. log 


cot. C ^ 9.060016 H 


4. log 


dn. D = 9,987186 | 


6. log 


COS. E = 9.378321 ^^^^| 


6. log 


F - 10.654632 ^^^^| 


7. log 


^ 9.685417 ^^^^^1 


8. log 


sfn. H = 9.956866 ^^^B 


Qveatiom: 1. How may time be saved in logarithmic eom- 


putationa? p. 374, % 426 (I). 2. Give some suggestions for 




are Bonie of the mistakea likely to be made when an angle 


is more than 90°7 § 426 (3). 4. When several methods of 


computation may be used in finding angle or a side of a triangle, 


when would you use tangent and cotangents, and when sines 


and coaines7 p. 376. 


Logaritlmiic funetions of angles near 0° and 90°. See p. 718. 


Problem 28: Find by the method explained on p. 718 the log- 


arithms of; 


1. log. Bin. 0°43'45' 


2. log, tan. 0° 38' 15' 


3. log. eot. 0" 59' 14' 


K 4. log. COS. 89" 02' 25' 




1 5. log. sin. A - 8,174231 


1 6. log. tan. A = 8.235489 


I 7. log. cot. A - 11,984362 


■ 8. log. COS. A ^ 8.060753 




^L S" CBiefut to ubeerve the algebraic bIku Eivea for euh tunotEaa. 




CALCULATION OF BEARINGa 

Eierclse B-1. 

Calculation of Bearings from Angles. 

Reftrence: Bpfore beginning this exercise students ahoultlH 
study with great care the wliole of Chapter XXX, beginD 
on pa^ 378. Firat learn to convert angular distance ii 
ing and vict versa, a£ explained in % 432, especially in 
ut the top of page 3TD. Work all the examples at the top of I 
page 381 before trying to apply the method to a 
tranait lines as explained in § 434. 

Directiont: Follow the form of pomputationa given t 
top of page 382 and apply by inspection the check of | 433 (e). 

Problem 20: 1. C^ilculate the bearings of the tr&nsit L 
BC, CD, and DA, p. 179, asanming ^fi to be N. 88* 16' B. 

30. Same as problem 20, assuming the bearing of AB to te 
N. 88° 15' W. instead of N. 88° 15' E. 

QiiegtioTis: I. Give the algebraic signs of bearings and anglor. 
2. What is meant by angular distance? 3. Explain the ga 
eral method of converting angular distance into bearing: ' 
bearing into angular distance. 4. Give the general method 
of calculating bearinga, p. 379. 5. Explain the reason tvhidi 
underiiea the check of § 433 (e). 

ADDITIONAL PROBLEMS. 

Artgles to lite right. Calculate the bearings of the lines; 

31. In the figure on p. 1S3, aasuniing DA to be N. 80° 30' E. 

32. la the figure QRSTY, p. 390, aaBuming OR to be N, <3° 
WW. 

, p. 390, asBUming QR 
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Angles to the left. Calculate the bearinga of the lines: 

34. In the figure on p. 183, using the same values as in 
^mroblem 31 above, but going from D to C to /J to A {couuter- 
Kdockwise). 

35. Same an problem 32, but go from Q to F to T to S to 
rS (counter-clockwise). 

Angles to ike right or to the k/t. Calculate the bearingB of 
the lines: AB, BC, CD, DE, EF, FG, GH, HI, ajid IK. aook- 
wise = + ; counter-clockwise = — . Uee the values of the angles 
given below. 

36. Line AB - N. TO'E.; ABC - 199° +; CDB ^ 101° -1- ; 
CDE^Jl" -; DEF = 74° +; EFO^SSf-; FGH = 263°-; 
OHI = 82" + ; HIK = 300° -I-, 

37. Same as problem 36 except assume the bearing of AB 
. N. 70° W. instead of N. 70° E. 

I 3S. Same aa problem 36 except start with the line EF, assum- 
ing its bearing to be N. 5° E. 
39. Same as problem iW except aaeurae bearing of EF to be 



40. Line AB ^ 8.80" E.; 


ABC = 100° 10'+; 


BCD^ 


265° 23' -; COE = 86° 12'- 


; DEF = 243° 47' -H 


EFG ^ 


168° 13' + ; FGH = 58° 34' - 


; GHI = 38° 2i' +. 





41. Same as problem 40 except start with EF whose ixiaring 
may be assumed EF = N. 70° E. 



Deflectian angles. Calculate bearings from thd following deflec- 
tion angles by the method referred to on p. 382, § 434 (b). 

43. Line AB = N. 84° E.; B = 36° R.. C = 43° L., D = 
15° L., £-fi2°R., F-87°L., G = 21° R., /f = 49° R., 
/ — 17° L. Check the bearing of IJ by the method outlined at 
the bottom of p, 155. 
B 44. Same as prahfcm 43 except the bearing of AB is N. 84° W. 
H 45. Same as problem 43 except bearing of AB is S. 8° W. 
H 46. Same as problem 43 except bearing of AB is 8. 12° £. 
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Rtjfrence: Page 382, 5 343 (c). 

Problem 47: 1. Assuming the bearing of QR on p. 392 to be 
3. 44" 2U' E., change the bearings of RS, ST, TY, sod FQ to 
correspond. 

48- Assuming the bearing of OF on p. 392 to be N. 28° 16' E, 
change the bearings of YW, WO, OP, and PQ to correspond. 

ADDITIONAL PROBLEMS. 

49. ABSumeCDoDp.3S6 to beanorthandfiouthline. Change 
the bearings of DA, AB, and BC to correspond. 

50. Assume QR on p. 392 to be a north and south line. 
Change the bearings of RS, ST, TY, and YQ to correspond. 

51. Assume the bearing of the line UV on p. 392 U 
N. 0° E. ChEinge the bearings of VW, JT.V, .\'0, OP, PQ, Qfl, RS, 
ST, and TU to correspond. 

52. The bearings of four lines are given as follows: 1-2 - 
S. 5" 26' W.. 2-3 - S. 70° 39' E., 3-1 = N. 47° 4S' E., 4-1 - 
a. 77° 3-3' W. IE the bearing ot 3-4 is changed to N. 0" E., what 
are the corresponding bearings of the other three lines? 



Exercise B-3. 

CalctUatloa of Angles from Bearings. 

flefrrenrt.- Page 382, 5 435. 
ProhlenSS: 1. JB = N.32° E., fiC = S. 8° W., CD = N. 72° 
W., CE = S. 20° W., EF = S. 10° E., FG = N. 63° B., GH 
a. 0' E., and HI = S. 89° W. Find tlie angles measured cloofc- 
at stations B, C, D, E, F. G, and H. 

. AB^a. 70° W., BC = S. 0° 21' E., CD = S. 86° 14' E, 
= S, 46° 43' W., £/■ = S. 90° W., FG = ^f. 12° 37' S^ 
OH = N. 44° 12' W., and HJ = S. 41° 9' W. Find the an^ 
measured clockwise at B, C, D, E, F, O, and H. 
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ADDITIONAL PROBLEMS. 

65. Calculate the interior angles of the polygon g^ven in prob- 
' lem 76, p. 122,* and apply the closing check on p. 1 19, J 175. 

56. Calculate the interior angles of the polygon given in prob- 
lem 77, p. 122,* and apply the closing check on p. 119, 5 175. 

57. AB = S. 0° E., BC = S. 42° 18' E., CD =. N. 88° 14' E., 
DE = N. 15° 47' W.. EF = N, 90° W„ FG - S. 38" 58' W., 

= N. 87' 17' W., HI = N. 12= 11' E. Find the angles 
measured clockwise at B, C, D, E, F, G, and H. 

58. AB = N. 89° 12' E., BC - N. 20° 19' W., CD = S. 81° 
64' W.. DE = N. 43° 29' E., EF = S. 67° 21' E,, FG - 8. 36° 
67' W., GH " N. 24° 33' W., HI = N. S0° W. Find the angles 
measured clockwise at B, C, D, E, F, G, and H. 

59. Calculate the defection angles at B, C, D, E, F, G, and H 
from the following bearings: AB = II. 71° 12' E., BC - S. 87° 
23' E., CD = N. 68° 54' E., DE = S. 55° 42' E., EF - N. 65° 
24' K, FG = N. 1° 22' W., GH = N- 43° E., H[ = N. 20° 18' W. 
Indicate by the letters "R" and " L" which angles are to the 
right and which are to the left, and check results by the method 
explained at the bottom of page 155. 

. Calculate the deflection angles at B, C, D, B, F, 0, and H 
from the following bearings: AB = S. 83° 09' W., BC = N. 89° 
03' W., CD = S. 47° 12' W., DE = S. 0° 0' W., EF - S. 51° 
14' W., FQ = S. 43° 42' E., GH = S. 0° 09' E., HJ = S. 72° 
W., IJ = S. 20° II' W. Indicate by the letters " R" and 
' which angles are to the right and which are to the left, 
and check results by the method explained at the bottom of 
p. 155, 

. Calculate the deflection angles at stations: 8 + 50, Id + 30, 
19 + 21, 23 4- 72, 28 + 91, 33 + 19, and 40 + 10. The 
bearing of the lines beginning with the line from to 8 + 50 
given in order are as follows: S. 80° 10' E., N. 80° 24' E., 
S. 71° 52' E., S. 1°11'E., S. 43°22'E., 8. 37° 18' W., S. 86° 04' 
., S, 43° 12' W. Indicate by the letters " R" and " L" which 
angles are to the right and which are to the left, and check 
results by the method explained at the bottom of p. 155. 

62. Calculate the deflection angles at stations: 4 + 30, 
■f- 96, 11 -)- 81, 16 + 20, 19 + 92, 24 + 03, and 28 + 11. The 
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bearing* of the tines be^nning with the line from to 4 
pveo in order are aafoUowB: N. 3" 12' W., N. 42" 19" W^ ' 
03' E.. N. SS° 58' W„ S- 63° TO" W.. N. iT" IS* W-, K. V4 
K. 71* 21' W, ladicate by the Iclleis " R" and ' 
angles are to the right and which are to the left, and q 
results by the method expluined at the bottota of p. loo. 




GROUP L. 

LATITUDES AND DEPARTURES. 



Calculation of Latitudes and Departures. 

Reference: Chapter XXXI, pp. 384 to 394. 

Directio-nt: I. In each problem mqke a rough sketch of the 
traverae lines, placing the bearing and length of each line on the 
oKeteh, as illustrated on p. 392. 2. Rule five columuB with 
faeadinga corresponding to those on p. 393. 3. In the first 
column put down the data, i.e. the bearing and length of each 
line, also the notation for the line, as illustrated in the first 
column on p. 393. 4. Look up all the logarithms, one right 
after the other, and enter them in the third and fourth columns; 
see p. 393. 5. Perform the necessary addition. 0. Look up the 
departures and latitudes corresponding to the logarithms fc^ind 
by addition, entoring each departure and each latitude, as soon 
aa found, in the second and fifth columns, respectively; see 
p. 393. 7. Tabulate the latitudes and departures as illustrated 
on p. 394. 8. If the traverse is a polygon and any large error 
Is evident in the sums of the latitudes or the departures, apply 
the checks explained at the bottom of p. 389. 

Note: The above method of procedure is practioJIy the same as that 
(ne p. 304,' { 423). snd the atudeat will save time and avoid inislakea it 

Problems: (To be assigned from the sixteen problems 

given below.) 

Remark: The latitudes and departures computed in anv problem nf th g 
omitled mBasurementa or Uio area of a polygon. Problems 7S. 7tl and 77 
DBB is Rutdeof PcDblemsTl. 72, 73, T4 and 78. It will save time in ihaeod, 
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PROBLEMS. 

71. Calculate the latitudes and departures of the transit line 
AHCD, p. 179. 

72. Calculate the latitudes and departures of the transit linf 
A BCD, p. 1S3. 

73. AB = N. 25° 16' E., 150.0 ft.; BC = S. 59° 54' E.. 210.0 ' 
ft.; CD - S. ig- 28' W,, 285.5 ft.; DA = N. 32= 14' ¥, 
282.3 ft. Calculate and tabulate latitudes and departures. 

74. AB = N. 26° 30' E., 547.3 ft. ; BC = S. 78" 18' E., S«.8 
ft.; CD = 8. !)" 01' E.. 316.5 ft.; DA = S. 84=30' W., 791.6 ft, , 
Calculate and tabulate latitudes and departures. 

75. AS - S. 43° 16' W., 206.6 ft.; BC - 8. 12" 43' E.. 196.8 
ft. ; CD = B. 83° 45' E., 530.9 ft, ; DE = N, 3° 13' W., 8M.7 
ft.; EA = 8. 37° 26' W., 623.7 ft. Calculate and tabulate lati- 
tudes and departures. 

76. AB - N. 60° 15'E., 432.Gft.; fiC = S. 70° 10' E.. 310,8 
ft.; CD = 8. 35° 30' W., 290.5 ft.; DE - N. 65° 05' W., 168.Z 
ft,; EA = N. 80° 47' W., 351.3 ft. Calculate and tabulate 
latitudes and departures. 

77. 1-2 = S. 73° 21' E„ 247.2 ft.; 2-3 - S. 40' 10' E., 154.3 
ft.; 3-4 = S. 26° 42' W., 611.9 ft.; 4-B = N. 14° 20' W., 
483,5 ft, ; 5-1 = N. 12° 20' E., 273.3 ft. Calculate and tabulate 
latitudes and departures. 

78. Assume the bearing of the line RS, p. 392, to be S. 0° C K l 
Change the bearings of ST, TV, UV, VW, WN, NO, OP, FQ, . 
and QR to correspond. Calculate and tabulate the latitudes 
and departures of the perimeter of the figure, i.e., the polygon 
RSTUVWNOPQ. 

79. Same as problem 78 except assume the line UV to b 
north and south line, and change the bearings of the othee 
nine lines to correspond. 

80. 1-2 = N. 7° 54' E., 483.4 ft.; 2-3 = N. 86° 46' W., 
380.9 ft.; 3-4 = 8. 9° 38' W., 225.9 ft.; 4-6 = 3. 20° 10' i 
241.9 ft. ; 5-1 = 8. 79° 18' E., 272,7 ft. Calculate and tabu- 1 
late latitudes and departures. 

81. AB = N. 50° 55' W,, 449.3 ft.; BC - N. 1° 19' W,, 
337.8 ft,; CD = N. 87° 38' E., 264.9 ft.; DE = 3. 38° 50" K, 
205.2 ft.; BF = S. 34° SO' W,, 120,5 ft.; FA - S. 4° 54' E, 
374.7 ft. Calculate and tabulate latitudes and departures. 
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82. AB = N. 2° 05' W., 183.5 ft.; BC - N. 57° 40' W., 

273.3 ft. ; CD'S. 42= 26' 30" W., 63S.4 ft. ; OB = S. 71° 18' E., 

698.4 ft; EF = S. 89° 37' E., 340.0 ft.; FA = N. 35° 14' W., 
412.2 ft. Calculate and tabulate latitudes and departures, 

83. AB = N. 56° 36' W., 279.0 ft.; BC = S. 44° 02' W., 

286.0 ft.; CD = S. 25° 00' W., 171.8 ft.; DE = S. 40° 39' W., 

174.1 ft.; EF - S. 71° 30' E., 442-4 ft.; FG = S. 87° 37' E., 
445.6 ft.; GH = N. 41° 07' W., 402.8 ft.; IIA = N. 6° 11' E., 
195.8 ft. Calculate and tabulate latitudes and departures. 

ProbleTns in calculating latitudes and departures from Qzimuift 
(reckoned clockwise from the north). Problems 84 and 85 are 
rough Burve}^ and the error of closure should be corrected by the 
first method of balancing a survey explained on p. 395. 

84. AB = 32° 28', 334 ft.; BC = 20° 34', 308 ft.; CD = 
339° 02', 228 ft.; Z)E=.219°S0', 183 ft-; £A = 175° 00', 310 ft.; 
Calculate and tabulate latitudes and departures and balance 
the survey. 

85. AB - 18° 11', 450 ft.; BC = 355° 00', 310 ft.; CD = 
322° 46', 200 ft. ; DE = 221° 10', 460 ft. ; EF = 152° 00', 230 ft. ; 
FG = 123° 14', 281 ft.; GA = 189" 03', 195 ft. Calculate and 
tabulate latitudes and departures and balance the survey. 

S6. Change all the beaiings in problem to azimuths, 

but retain the same lengths. Calculate and tabulate latitudes 
and departures. (The number of the problem to be inserted in 
the blank space will be assigned hy the instructor from among the 
first thirteen problems given above.) 

Nele: An Eade&tiitB aumbor of problons may bo arranged by changing 
for example, by 30° + or 40° - and so on. 

Quesiions:* 1. What is meant by the term latitude; departure? 
2. Explain how each is found from the bearing and length of a 
line. 3. What are the algebraic signs for the different qiiad- 
iHJits of bearings? 4. What is the departure of any north and 
south line, and the latitude of any east and west line? 5, £x- 
plain by means of a sketch how latitudes and departures may be 
used for determining the position oE any station with respect to 
any other station In a system of transit lines, p. 385- 6. How 
may the error of closure be aaeertained? p. 386. 7. For ordinary 

'ulvpd in the answer to these quFstiona 
it tbe black-boan). 
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transit work what are tlie peimissible errois ot closure? p. 1 

8. Suppose that the permisnble error for oae angle is 30" and 
that the total length o£ the perimeter of a sixteen-aded polygon 
is 5000 ft. What is the limit for the error of closure? p. 101- 

9. Every line has two bearinga. Which is used in compuliE| 
latitudes and departures? p. 387. 10. Explain bow to compuM 
latitudes and departures from azimuths, p. 387. 11. Explain the 
use of traverse tables. 12. Explai 
of a trigonometer. 13. Illustrate by stetch how the true bear- 
ings of traverse lines may be obtainixl by observation on Polari*, 
p. 3S9, } 445 (3), 14. How could true bearings be obtained 
from the magnetic bearings if the magnetic declination is knownT 
p. 389, Remark, IS. So far as plotting is coocemed, does it 
make any difference what value ia taken for the bearing ot tJw 
first line if the bearings of the other lines are calculated from thai 
bearing? 16. When the sums ot the latitudes i 
the departures are not equal within the limit of error, what thme 
checks would you apply? (Bottom of p. .' 

Quesliona onbalarmng swvey; 1. Wliat is meant by balancing 
survey? p. 395. 2. Is it usually necessary to balance a survey 
for purpoBPs of plotting? 3. When is it necessatr to balance ft 
survey? 4. What two general methods are used for balancing , 
a survey? p. 3S5. 5. Explain the first method. 6. What 
effect has the balancing ot a survey on the original bearings aai 
lengths? p. 396, Note. 7, How may the original bearings and 
lengths be corrected? 8. Explain the second mpthod of balanc- 
ing a survey (p. 396): (1) Measurements made under unfavor- 
able conditions. (2) Linear measurements likely to be too long, 
which quantities should be decreased. (3) Effect of changes of 
long and short lines. (4) Effect of changes in north and south 
lines, and east and west lines. 9. Give the substance of Mr. 
Gould's diseuBsiou, p. c 
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TRI ANGULATION. 



Computations for Trlansulatlons, 

Reference: Page 399, § 488. 

Directions: Find by calculation the lengths of the side of each 
triangle in a, triangulatioa net, using the form shown on p. 400, 
I f 448 (d). The student should prepare the alwve form tor each 
■ triangle before looking up logarithms. 

Problems: (To lie assigned froni the problems given 

below.) 

PROBLEMS. 
101. A triangulation net is compoKed of three triangles. The 
jase line BA = 1070.09 ft. Adjusted values of the angles are 
i.^ven below. 

Triangle ACD 
CAD = 39° 16' 11" 
ADC = 100° 12' 14° 
DC A = 40° 01' 35" 



Triangle ABC 
BAC = 82° 16' 27" 
ACB = 57° 12' 03° 
ABC = 40° 31' 30" 

102. A triangulation net i 
■ base line BA = 1421.3G ft. 
.given below. 

Triangle .4 BC Tria 

ABC ^ 64° 48' 41" 
^AC = 61° 21' 14' 
ACB = 53° 50' 05° 



Triangle ADE 
DAE ^ 63° 38' 48" 
A ED = 49" 27' 10' 
EDA = 66° 54' 02' 

composed of three triangles. 

Adjusted values of the angles 



The 



Triangle BCD 

BCD = 60° 21' 18* 

CBD = 80° 24' 28' 

BDC = 30° 14' 14' 

103. A triangulation ntt Is composed of three triangles. The 

base line AB = 2121.83 ft. Adjusted values of the angles are 

ifpven below. 

Triangle ACE 

ACE = 46° 42' 20' 

CAE = 88° 51' 12' 

AEC = 44° 26' 28' 

125 



Triangle ABC 
ABC = 55° 10' 20' 
BAC = 54° 48' 15" 
ACB = 70" 01' 25" 



Triangle CDE 
CDE = 67° 12' 42' 
DCE = 63° 16' 20* 
CED = 49" 30' 58' 



Triangle CBD 
CBD = 82° bl' ir 
BCD = 41" 19' 04' 
CDB = 55° 40' 46' 



\b composed of three trianglea. 1 
Adjusted values of Ibe ao^es 



104. A triangulation net 
base line BD ^ 2421.16 ft. 
given below. 

TrioTigle BDC TriaDgle BCA Trian^e DOE 

BDC - 70° 00' 45' BCA = 49"* lO* 15" DCS - CI" 24' lO* 
DBC - 56° 40' 04' CBA - oS° .36' 30" CDE = 60° 28' 14' 
BCD = 53" 10* U" BAC = 72= 13' 15' DEC = 58° 07' 3«' 

105. A triangulation net is composed of three triangles. The 
base line AT = 3121.42 ft. Adjusted values of the angles as 
given below. 

Triangle XyiT Triangle .Ytf't' Triangle YWV 

XYW - 61° 22' 44- XWU = 59° IS' 40" YWV - 80° OB' lO* 
YXW = 58° 21' 10" WXU = 63° 12' 10" Wi'V = 40° 12" H' 
XWr = 00° Ifl' 00' Xi'W = 57° 29' 10" YVW = 59° 38' 36* 

106. A triangulation net is composed of three trianglee. The 
base line RS — 432.461 ft. Adjusted values of the angles iin 
given below. 

Triangle RST Triangle BTU Triangle STV 

flSr = 40° 21' 40" flry = 38° 18' 47" SrV = 94° 51' 07* 
SHT = 55" 39' 15* THU = 93" 44' 21" TSV - 44* 06' *1' 
RTS = 83° 59' 05" RUT = 47° 56' 52" SVT = 41° 02' 12* 

107. A triangulation net is composed of three triangles. Thi 
base line 1-2 '^ 496.831 ft. Adjusted values of the angles are 
given below. 

Triangle 1-2-3 Triangle 1-2-5 Triangle 2^3-4 

1-2-3 = 37° 18' 43' 1-2-5 = 43° 18' 47" 2-3-4 - 61° 21' 18* 
2-1-3 == 36° 21' 48' 2-1-5 = 41° 48' 03" 3-2^ = 58° 53' 12* 
1-3-2 - 106° 19' 29' 1-5-2 - 94° 53' 10' 2-4-3 = 59° 45' 30* 

108. A triangulation net ia composed of three triangles. The 
baae line 1-2 " 468.432 ft. Adjusted values of the angles an 
given below. 

Triangle 1-2-3 Triangle 1-3-4 Triangle 3-4-S 

1-2-3 = 92° 24' 51' 1-3-4 = 41° 02' 11" 3-4-5 = 40° OS' 48' 

2-1-3 = 41° 52' 21' 3-1^ = 44° 53' 17" 4-3-5 = 41° 37' 44' 

1-3-2 - 45° 42' 48' 1-4-3 = 94° 04' 32" 3-5^ - 98° 13' 28* 





V TRIANOULATION. ISil 

W Exercise T-2. 

I Miscellaneous Problems in Trlangulatlon. 

■ 109, In Fig. 277 (e), p. 223, the length of the base-line CD is 
W23.73S ft. ACD = 109° II' 3(r, BCD = 43° 42' 12*. ADC = 33° 
■18' 24", BDC - 66° 28' 20". Compute the length of AB. 

1 110. In Fig. 277 (t), p. 223, in order to find the distance AC a 
■base line AE was laid oil and its length found to be 231.763 ft. 
Jcdfi = 36° 19' 36", CEA - SI" 54' 10". The vertical angle 
Bc<4S = 21° 18' 40". The level line 4C strikes the building four 

■ feet above a point »n the ground. How high is the point 
B.£ abovM the same point on the ground? 

I 111. In the figure on p. 217 the length of base line No. I is 
I 879.453, and tliat of base line No. 2 is 943.768 ft. NHS =38° 
21' 40", HNS = 37° 10' 5', HSN = 104° 28' 15'; MS-V = 68° 
30* 42", SMN = 62° 57' 45", MNS = 48° 31' 33." Make all of 
the computations that are necessary for locating Pieis A and B, 
assuming that the three spans are equal. 
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^^^1 OMITTED MEASUREMENTS. 




Exercise O-l. 


To Calculate tbe Bearing and Length of an 


Omiltnl 


Side of a Polygon. 




Reference: Pages 400 to 402, Case I- 




Dirertiona: Follow thu method of procedure giv 


en at the 


bottom of p. 401. 




Problem: (To fae asBigried from the fourteen problems given i 


below.) 




PROBLEMS. 




Nate: In Ibn first six prubLema the student nmy use laUtudn and depu- | 


tuies whicli be maj' have nlreody calculated in the examploi 






Una of the 


polygoo OQ „ne aido of ria missing line, ths Becond from the 


li(i« of Ui. 


polvtcoa on Ihe other aide of the misalng liae. If there a 


no error of 


diuure Ihe reiulte nhouli! be the aHtne. 




Find the Ipngth and bearing of the linn 




121, From D to ^ in Problem 75, p. 122.* 




122, From B to E in Problem 76, p. 122.* 




12.?. From 3 to 5 in Problem 77, p. 122.* 




124. From F to P in Problem 78, p. 122.* 




125. From to Q in Problem 79, p. 122.* 




126. From B to H \a Problem 83, p. 123.* 




127. Line Bearing Length Latitude 


Departure 


MN S. 47= 03' W. 291.7 198.7 


213.6 


NO N. 4.1''.55'W 261.4 181.1 


174,4 


OP N. 14-57' E. 346.4 334.1 


89.2 ' 


PQ N.2G° 12' E. 250.7 224.9 


110.7 


Find the bearing antt length ot the line QM. 




128. Line Bearing Length Latitude 


Departun 


MN N. 47" 48' E. 1000.6 ft. 672.14 


741J6 


1 NO N. 62° 38' W. 573.29 ft. 263.53 


609.13 


OP S. 76= 40' W. 330.33 tt. 76.18 


321.42 


PQ S. 5=26'W. 804.99 ft. 801.38 


76.23 


Knd the bearing and length of the line QM. 




128 
1 1 
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129. EA =N. 65" 05' E., 804,6 ft- ; ^ B = S. 50" 20' E., 370.5 ft. ; 
SC = S. 25" 16' W., 315.8 ft.; CD = S. 45° 31' W., 291.6 ft. 
■Piod the bearing and length of DE. 

130. GC = N. 84" 27' W., 268.5 ft.; CD = N. 31" 53' W., 
337.2 ft.; DE = N. 30° 11' E., 203.9 ft.; EF = S. 65° 10' E., 

310.6 ft. Find the bearing and length of FG. 

131. 1-2 - N. 41° 48' E,, 212.4 ft.; 2-3 - 8. 68" 19' E., 411.3 
ft.; 3-4 = S. 3° 51' E., 394.7 ft.; 4-6 - S. 36° 10' W., 381.6 ft. 
Find the bearing and length of B-1. 

132. 1-2 = N. 46° 18' W., 321.6 ft.; 2-3 = S. 48° 59' W., 

401.7 ft.; 3-4 = S. 0° 4B' E., 372.1 ft.; 4-6 - 8. 8° 09' E., 

241.8 ft. Find the bearing and length of 5-1. 

133. la Problem 107, p. 126,* assume that the angles 3-2-4 
and 2-4-3 are not known, but that all the other angles are as given 
in that problem, (a) Assume the bearing of 4-3 to be any value 
you pleaae, and from this bearing compute the bearings of 3-1, 
1-6, and 6-2 by the method of Chapter XXX, UBing angles 
4-3-1, 3-1-5, and 1-6-2, (b) Using these beanngs and the 
lengths of 4-3, 3-1, 1-5, and 5-2 (found by computation in 
Exercise T-1), compute the latitudes and departuraa of these 
four lines, (c) From these latitudes and departures compute 
the length and bearing of the line 2-4. (J) Compare ibis length 
of 2-4 with the length found in the tnangulation computation, 
(e) From the bearings of 4-3 and 4-2 find the angle 3-4-2 and 
compare its value with the value of 3-4-2 given in Problem 107, 
p. 126.* 

134. A problem similar to Problem 133 made up from one of 
the triangulation problems on p. 125 or 126.* 

Exercise 0-2. 

To Calculate the Omitted Bearing of Ooe Side and the 
Omitted LeDgth of Another Side of a Polygon. 

Reference: Pagu 403, Case II. 

Directione; Problems under Case II may be solved by two 
methods. In each of the problems given below follow that order 
of procedure on p. 403 which corresponds to the method called 
for in the problem. Notice the Remark, p. 403. 

Problem: (To be assigned from the seventeen problems 
given beiow.) 



OMITTED HEASUKKlCEins. 

PROBLEMS. 

Woie; lo ewrh of the firsi »ven croblems the student nuy «« il» Iw 
W<i» and deparluHM which he ni»y hove mlready GsleaUtfid in xhe ranr- 
■punding problem on p. 12Z,* e-cepi. of counw. tie IkUtudc >Dd J™niin 
of ft iidg who« heanoc or length is usumed to be omitted. 

HI. In I'roblem 75, p. 122,* assume the bearing of DEanJ 
Ihc length of EA to be omitted. Calculate the omitMd meiu- 
uremonta by the first method of Case II, p. 403. 

142. Same as Problem 141 except use the second methodof 
Ciu« II, p. 403. 

143. In Problem 76. p. 122,' aBsume the bearing of fiCicd 
Ihf lenirth ot CZ> to be omitted. Calculate the omllted mew- 
untiueiits by the first method of Case II, p. 403. 

I«, Same as Problem 143 except use the aecood metiiod «( 
Ciwy 11, p. 403. 

U5. Ill Problem 77, p. 122,* asaume the bearing of 3-4 ind 
llio length of 4-8 to be omitted. Calculate theomitted measure- 
mifuts by the first method of Case II, p. 403. 

146. Same bm Problem 145 except use the second method d 
Case II, p. 403. 

147. A problem similar to the above problems made up ftua 
onn of the prublems on p. 122, 123, 125 or 126.* 

Ufi. CD - 8. 47° 29' W., 562.3 ft.; DA = N. 30° 15' W., 
380.4 ft.; AH 'S. 65= 27' B.; SC = 435.2 ft. Calculate tbe 
heurinic »f l^^ ^"'1 *-^^ length of AB. Use the Bret method of 
Cmo II and check by the second method. 

149, 4fl-N.73''38' W., 125.5ft.; BC=S. 8" 4S' E., 163.9ft,; 
CD - «7.ft ft. ; D/I - N. 5° 40' W. Calculate the bearing of CD 
and the lenicth of DA . Vee the Gist method of Case II and check 
by th« Moond method. 

100. ,^fl - N. 40' 20' E., 302.6 ft.; BC = N. 71" 15' B, 
282.2 ft,; CD - 8. 50= 10' E.; DE - 8. 45= 25' W., 510.6 ft; 
EA - 4*111.1 ft. Calculate the bearing of EA and the length ftf 
CD, UHiiig lli<] Mccond method of Case II. 

IGl. Sumo OM Problem 150, using the first method of Case 11. 

152. AB - N. 40=00' E., 530,2 ft.; B(7=S. 60=20' E., 121.9 
tt.-CD - 527.4 ft.; DE = S. 65° 10' W.; EA - N. 35" 10' V., 
678.6 ft. Calculate the bearing of CD and length of DE, unng 
the first method of Caae II. 



OMITPBD MEAaUBEMENTB. 



154. (In this problem the omitted measurements affect sides 
which are not adjacent.) AB = N. 46° OS' E., 43^.4 ft.; BC - 
S. 62° 50' E., ISa.tj ft; CD = S. 27" 28' E., 402.7 ft.; DE = 
S. 39° 48' W.; EF = 62° 07' W., 323.6 ft.; FA = 298.6 ft. 
Calculate the bearing of FA and the length of DE, using the 
second method of Case II. 

155. Same as Problem 154, using fiist method of CaEe II. 

156. AB = N, 32° 05' E., 263.2 ft. ; i5C - N. 74° 18' E., 234.4 
ft, ; CD = S. 12° 52' W., 465.3 ft. ; DE = 526.0 ft. ; EA ^ S. 62° 
27' W. Calculate the bearing of DE and the length of EA, using 
the first method of Case II. 

157. Same as Problem 156, using the second method of 
CaaeU. 



I 



To Calculate the Omitted Lengths of Two Sides 
of a Polygon. 



: Page 404, Case III. 

Directions: Problems under Case III may be solved by two 
methods. In each of the problems given below follow that order 
of procedure on p. 404, which corresponds to the method called 
for in the problem. Notice the " Remark " on p. 404. 

Problem: (To be aasigced from the fourteen problems 

given below.) 

I PROBLEMS. 



171. In Problero 7.5, p. 122,* assume the lengths of BC and CD 
to be omitted. Calculate the omitted measurements by the first 
method ot Case III, p. 404. 

172. Same as Problem 171 except use the second method of Case 
UI, p. 404. 



OMITTED MBASDREHBina. 

173. Id Problem TG, p. 12'2,* asaume the kaigtba of BCuACD 
to be omitted. Calculate the omitted measuiemoila bf tbefint 
method o( Case 111, p. 404. 

174. Saine ae Problem 173 except use the second nkrtiwd of 
Cuae III, p. 404. 

175. In Problem 77, p. 122,- aasurae the lengths of 2-SMtd4-S 
to lie omitted. Calculate the omitted messurements bj theiint 
method of Case 111, p. 404. 

176. Same as Problem 175 except use the second method of 
Case III, p. 404. 

177. A problem similar to the above problems, made up from 
one of the problems on p. 122, 123, 125 or 126.* 

17a. AB^a. m" ii' w., 216.0 ft.; bc=s. 33" 35* w., 167.0 

ft.; CD - S. 32= 27' E.; flJ - N. 41" 59' E. CaleulaM llie 
lengths of CD and DA. Use the first method of Caae III, aod 
check by the second method. 

179. AB - N. 16° 42' E„ 273,0 ft.; BC - S. 68° 23" W., 388.S 
ft,; CD - S. 10° 12' E.; UA = N. 50° 46' E. Calculate tbs 
lunfcths of CD and DA. Use the first method of Case III, and 
cliL'uk by the seDond method. 

180. .48 = N. 30° 30' E., 608.1 ft.; BC = S. 68° 18' E., 560J 
ft.; CD - N. 0° 59' E.; DA = S. 85° 30' E. Calculate tbe 
lengths of CD and DA. Use the first method of Case III, anil 
chock )>y tlie second method. 

ISl. AB - N. 10° 20' W., 248.3 ft.; BC - N. 62° 18' B,, 
324.6 ft. ; CD = S. 74° 27' E. ; D£ = S. 20° 22' W. ; EX = S. 68" 
50' W., 463.5 ft. Calculate the lengths of CD and DE, uaingthe 
second method of Caae III. 

182. Same as Problem 181, using the first method of Case III. 

183. (In this problem the omitted measurements aSect sidu 
which are not adjacent.) -4B - S. 70° 05' W., 437.9 ft. ; BC - 
N. 15° 64' W.; CD - N. 38° 16' E.,217.6ft.;D£ = S. 10°02'W.; 
F.A - S. 72° 25' E., 366.4 ft. Calculate the lengths of BC and 
DE, using the second method of Case III. 

184. Same as Problem 183, using the first method of Case IIL 



L 




OMITTED MBASDKEMENTS. 166 

Exercise 0-4. 

^!ro Calculate the Omitted llearings of Two Sides of a 
Polygon. 

Reference: Page 404, Case IV. 

Direcliom: Follow the motliod of procedure of Case IV, p. 404. 
Notice the " Ilemurk " under this case. 

Problem: . (To be assigaed from the nine problems given 
below.) 



191. In Problem 75, p, 122,* assume the bearings of BC and 

CD to be omitted. Calculate the omitted measurements by 

the method of Case IV, p. 404. 

I 192. In Problem 76, p. 122,* assume the bearing of BC and 
niD to be omitted. Calculate the omitted meaeuremente by the 
phiethod of Caae IV, p. 404. 
i 193. In Problem 77, p. 122,* aasume the bearings of 2-3 and 

3-4 to be omitted. Calculate the omitted measurements by the 

method of Case IV, p. 404. 

194. A problem gimilar to the above problems, made up from 
one of the problems ou p. 122, 123, 125 or 126.* 

195. AB = N. 53° 56' W., 296.4 ft.; BC - S. 21= 53' W., 

338.7 ft.; CD = 301.0 ft.; DA = 406.8 ft. Calculate the bear- 
iDgs of CD and DA. 

196. BC = S. 41° 45' W., 279,8 ft. -.CD^N. 22° 14' W., 286.4 
ft.; DA = 194.2 ft.; AB = 254.5 ft. Calculate the bearing 
of AB and DA. 

197. AB = 172.2 ft,; BC = 257,5 ft,; CD = S, 63" 37' E., 

298.8 ft,; DA = N. 13° 25' W., 261.6 ft. Calcuiate the bear- 
ings of AB and BC. 

19S. (In this problem the omittec] measurements affect sides 
which are not adjacent.) AB = N. 38° 40' E., 340.5 tt. ; BC = 
S. 67° 07' E., 527.7 ft.; CD = 272.3 ft.; DE = S. 84° 44' W. 
669.6 ft. ;EA - 265.2 ft. Calculate the bearings of CiJ and EA. 



1S4 oHirrBD hbasubeubnts. 

199. AB = Latitude 234.5 ft. N.. departure 181.4 ft. E.; 
BC - Latitude 105.3 ft. N., departure ;S56.4 ft. E.; CD = 
latitude 262.1 ft. 8., departure 179.4 ft. E.; Z>E = 385.6 ft-j 
EA = 532.2 ft. Find the lengths of AB, BC, and CO, amdtha 
bearings of DE and EA. 

Exercise 0-5. 
Calculation of Omitted Measurements. 

MiseeliaTieoug Problemg. 

211. In the figure on p. 405, let the distances Aa = 49.3 f 
Bb - 28.2 tt., Cc - 33.4 ft., and Dd = 24.4 ft. Angles Aat, 
90' 23', cdD = 102'" 10'. Find the bearings and lengths d 
AB, BC, and CD. (See p. 406.) 

212. la the figure on p. 177, assume the bearing of BC = 
N. 9° 15' E. (1) From the notes on p. 176, calculate the bear- 
injsMof AB, BC, CD, and DA, and also the bearing of the lineftoni 
each Htfttion to the nearest comer. (2) By the method of Case I, 
p 401, calculate in order the bearings and lengths of the linM 
1-2, 2-3, 3-4, and 4-1. (See illuBtraiion, p. 402, | 451 (c.)) 

213. 8BmB as Prolilcm 212 except use the method illustraled 
on p. 406. 

214. By the method of Case t, p. 401, calculate the bearing 
and lengths of the three fence lines on p. 183. 

215. Same aa Problem 214 except use the method illustrated 
on p. 400. 

Problems in Mine Surveying. 

216. A vertical shaft of a mine is located at a point A and 
another at a point E. A point E' ia at the bottom of the shaft 
directly under E. An underground traverse is run from E' end- 
ing at a point A' directly under A. The bearing of E'F' was 
OMUBiedasS. 89''05'E. The other values are as follows: E'F'- 
294.76 ft.; F'G' - S. 89= 22' E., 322.4 ft.; G'H' = N. 15° 69' E., 
710 ft.; H'l' = N, 15° 06' W., 390.3 ft.; I'A' - N. 63° 03" W., 
259.5 tt. Afterward a traverse was run on the surface of the 
ground as follows: AB = 636.43 ft.; ABC ^ \00° 49', 80 = 
624.34 ft.; BCD - 180° 41', CD = 218.66 ft.; CDE = 148° 23'. 
DE •' 239.45 ft. All angles were measured clockwise. The 
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.riogot^Bwas determined aa 8.44° 18' W. It is required to 
correct the assumed bearings of the underground survey so that 
they will be true bearings. 

Male: As far as possible the lagarithmiD values oa p. 3S3 nuy be used in 
the above eumple. 

217. A traverse is run on the surface of the ground as follows: 
AB = S. 41" 22' E., 281.1 ft.; ABC = 110= 45', BC - 240.8 ft.; 
BCD = 124° 30', CD = 339.7 ft. Angles measured clockwise. 
At £> a vertical shaft ia sunk. From A a tunnel is run in a north- 
easterly direction at right angles to AB for 160 ft. to a point E' 
underground. It is then desired to run from £' to a point D' at 
the bottom of the shaft directly under D. Wliat angle AE'D" 
should be turned off clockwise? 

If the elevation of A ia 2U0.18 ft. and of D 428.16 ft. how deep 
will the f<haft be from D to D' if the tunnel from A to E' is on a 
5% grade and from E' to D' on a 6% grade? 

218. A traverse is run on the surface of the ground from a 
point A to a point E as follows: AB - 241.2 ft.; ABC= 129° 50'; 
BC-204.3 ft.; BCi)=23S° 46', CD-334.3ft.: CDE-I2b° 18', 
DE ^ 380,2 ft. The bearing of DE - S, 64° 28' E. At E there 
in a vertical shaft at the bottom of which is E' direolly under E. 

An underground traverse is run from £' to a point H' as fol- 
lows: A line M'E' is established directly below DE. M'E'F' = 
DE'F'^ 103° 12', E'F'^ 31)6.3 ft.; E'F'G' = 118° 45', F'Q' - 
431.1 U.;F'G'H'=l5r 13',G'/f' = 346.3 ft. All angles measured 
clockwise. It is desired to sink a vertical shaft from a point H 
on the surface directly over H'. H is to be located by two inter- 
secting lines parsing through A and B respectively, and checked 
by a third liae passing through C. Required the angles BAH, 
ABH and BCH and the lengths AH. BH and CH. 

219. A boundary line of a mining claim ia ^B — S. 13° WW., 
length = 350.8 ft. A traverse is run on the surface from j1 to D 
OS follows: (angles measured clockwise) ABC ^m" 30', BC = 
226.4 ft.; BCD = 146° 05', CD = 290.2 ft. At D is a vertical 
shaft, D" at the bottom being directly under D. An underground 
traverse is run from D' to G' as follows: CD'E' = 135° 10', 
Z)'E' -292.3 ft.; D'E'F' -Wl" 20', £'F' = 192.1 ft.; E'F'O' " 
1 10° 6', F'G' = 238.8'. From G' it is desired to run due east to a 
point H' directly under the boundary line A B. Required the 
distance Q'H' and the distaace AH, H being directly over if'. 



OMITTED MElAaUBEUBNTS. 

Questions on the calculation of omiOed meaauremenU. 1, 
is the check given at the top of p. 400 iietter than the on 
the preceding pagel 2. How may I ri angulation be eheckcdl 
(Remark 448 (c), p. 400.) 3. Can triangulation nets be aolveil 
by right-angled triangle methods? 4. Explain by a sketch tbe 
trigonometric relations between bearing, length, latitude, aod 
departure. 5. What are " mining parts " in a polygon und 
how many parts may be omitted and still have the polygon 
determinate? 6. What are the four general casus in cbIcuIb- 
tion of omitted nieasiirementa?p 401. 7. What is the principal 
difference between Case I and the other three cases? 8. Eipluii 
the method of Case I. 9. Explain the general method of CasM 
11, III. and IV. 10. In Cases II, III, and IV, show by figuiB 
that it is immaterial whether the two sides aiTected by omitlttl 
e adjacent or not, p. 402, | 451 (d). 11. VThj, 
possible in Cases II and III? 12. Explain 
second method used for Case II and Cose III. 13. When iS' 
Case IV indeterminate? 14. Answer the question at the end'. 
of the chapter, p. 406. 
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GROUP A. 

AREAS. 



The Use of the Planfmeter, 

Reference: Page 408, § 457. 

Direiriiotis: Study carefully the directions of 5 457 fc) and the 
practical suggestions on p. 409. This eaercise is intended merely 
to teach the use of the planimoter. Additional practice in the 
use of the instrument should be obtained by checking the areas 
found in some of the other exercises by computations. 

Problem: Draw accurately a circle of 4" diameter, a square 
3' on a side, and a hexagon inscribed in a circle 5* in diameter. 
Using the planimeter find the area of each of these three figures 
and check the results by computations. 

Questions: 1. Give the general method of using the planim- 
eter. 2. Docs it make any difference whether the fixed point 
is placed within or without the boundary? 3. Give some 
practical suggestions, p. 409. 4. What teats should be made 
before using the planimeter? General direction, p. 410. 



Exercise A-2. 



Reference: Page 410. 

Directi<m»: Compute the area of a polygon directly from 
ineBSurements by the methods explained in | 458, giving the 
answer in square feet and in acres. Before beginning tliis 
exercise, make out a table in which 43560 is multiplied by each 
digit from 2 to 9. (See p. 377.) Do not carry computations 
farther than the data will warrant. (See p. 369, | 425.) 

Problem: (To be assigned from the six problems given 

below.) 

ISI 



PROBLEMS. 



(fl.l ft. 
polynrai, 

fnllnwa: 
tiH.-J ft. 
polygcir 

04.7 ft. 



Tlie Icn^ha of the >i( 

, .<fl - mo ft,, BC - 
Tlip diugonal AC - 



>a of a fuur-sded potfntl ; 
83.9 ft.. CD = 1 13.9 k, fl* - 
130.2 ft. Find the am of dtt 



l«l,l) ft, 
tutictii 
IW.O ft, 



Till! l<!nKth» of tbe sidea of a fonr-sided potjffm tit 4' 

: Ali - 7S,3 ft,, ttC - 129.0 ft., CD - 97 jO ft^ Oi - 

Tti« dioffDnul ^C - I32.-1 ft. Find tbe aira ot ik 

Ttiu longtlia cf ttli.' niiln of a four-«dp4 ptAjpja br h 
; ^fl - 120.4 ft., AC - 8.3.0 ft., CD - 76A ft.. flJ - 

rmm n poftit A' near the center of thp potjrgos d 
iiff Hit follijw.; £y - 76.0 ft.. EB - 71.2 ft.. £C = SU 
- 112.7 ft. Finil tho arm of the polygon. 
Thi- len((tlii> of the niAr* of a foiiF-fiided polygon aic tt 
AH - SJ5,5 ft., UC - 68.0 ft.. CD = lOl.O ft., DA - 
Vtwa n point £,' near the center of the polygon d 
ure lu fnlbwH: AU -54.9 ft., £6-^63.3 ft.. £C — 
, Eli - 83.2 ft. Find the an^a of the pohrgoa. 
Kind the itim ot thu polygon in Fig. 178, p. 120- 
410, h 40S (c). 

Mud thit uwa of 11... [lulycon A BCD, p. 17U. See 
I 4fiH («}. 



Kiprclsi- A- 3. 
('ill cu lilt let n uf Art'iiH from OtTttets. 

Hff'-rt^Mf: I'uKr.p..lll t<jli:(. 

Dirmlimm: Whorn offBcts are at regular intervals ^ 
" Tmpowidul Rule," p. 411. Where offsets e 
intvrvuU uw tho tinit method, p. 412, { 4d9 (c), and check b 
the wicond method, nrmnging the work in de' 
indlontud In the illuMtratiun on p. 41.'!. 

PrabUm: (To be assigned from the four problems given J 

Wow.l ^ 




PROBLEMS. 

OITsett at 25-ft. intervals are as follows: + = 20 ft., 
= 14 ft., 0+ 50= 18 ft., 0+ 75 = (i ft,, 1 + = !2 ft, 
i= 16 ft-, 1 + 50 = 21 ft., 1+ 76 = IS ft., 2 + = 14 ft. 
he area in square f«ct. 

Offsets at 50-ft. intervals are aa follows: + = 18 tt., 
) = 23 ft., 1+ = 36 ft., 1 + 60 = 30 ft., 2 + - 16 ft., 
D = 28 ft., 3 + = 37 ft., 3 + 50 = 41 ft,, 4 + = 21 ft 
he area, in square feet. 
,243. Offsets at irregular intervals are as follows: +0 = 12 ft., 
1+ SO - 18 ft., + 60 - 24 ft., + 82 = 15 ft., 0+95 =23 ft., 
i+ 10 = 43 ft., 1 + 28 = 31 ft., 1+60= 38 ft., 1 + 90 = 17 ft., 
= 28 ft., 2 + 40 = 20 ft. Find the area in square feet, 
244. Offsets at irregular intervals are as follows: + = 48 ft,, 
+ 30 = 31 ft., + 50 = 38 ft., + 80 = 24 ft., + 86= 12 ft., 
+ 18 = 27 ft., 1 + 30 = 22 ft., 1 + 70 = 14 ft., 2 + 10=28 ft., 
2 + 40 = 3(i ft., 2 + 70 = 25 ft,, 3 + 20 - 8 ft. Find the area 
in square feet. 

Exercise A-4. 

Calculation of Areas from I^titudei^ and Double 
longitudes. 



Refert 



«413. 



Direclioits: Follow tho mpthod of procedure on p. 416, arrang- 
ing the work as shown at the bottom of p. 417. It Is weil at 
first to compute the areas of figures whose latitudes and depar- 
tures have been calculated in previous problems and thus avoid 
the work involved in the first step. 

Problem : (To be assigni-d from the sijiteen problems 

given below.) 

PROBLEMS. 

todea and departures which he miy have niready calculated in 
■pODdiDS problem an p. 122.* 

251. Calculate the area of the polygon in Problem 71, p. 122." 

232. Calculate the area of the polygon in Problem 72, p. 122.* 

263. Calculate the area of the polygon in Problem 73, p. 122 .• 




H the 
I doul 

L 



140 ARBAS. 

254. CUculate the area of the poly pin in Problem 74, p. 122.' 

255. Calculate the area of the polygun in Problem 75. p. 122.* 
236. Calculate the area of tie poljgon in Problem 76, p. 122* 
257. Calculate the area of the polygon iii Problem 77, p. 122.' 
25S. From the latitudes and depaiturm tabulated on p. 391, 

calculate the aiea of the figure on p. 392. 

259. Calculate the an« of the polygon in one of the pioblenu 
(to be aseigned) from 79 to S5 ioclusive, pp. 122, 123.* 

260. Calculate the area of one of the triangulation nets it 
Exercise T-1, p. 125,* by ihe method of latitudes and double 
longitudes, and check the reeuU by the use of Formula 12, p. 408. 

261 . Calculate the area of the polygon in Problem 127, p. 12S.* 

262. Calculate the area of the polygon in Problem 12S. p. 128.* 

263. Calculate the area of the polygon in one of the problems 
of Exercise 0-2, p. 129.* 

264. Calculate the area of the polygon in one of the problema 
of Exercise fr-3, p. 131.* 

265. Mafcjnguseoftheiesultsobtained in Problem 212, p. 134,* 
find the area in square feet of the polygon 1-2-3^ on p. 177. 

266. Making use of the results obtiuned in Problem 214, p. 134,* 
calculate the area of the land described on p. 1S3. Use the 
method of latitudes and double longitudes except for the por- 
tjon between CB and the edge of the brook; this should be 
calculated from the offsets. (See also illustration at bottom 
of p. 419 for explanation of method.) 

QuegtioTie: 1. What is usually taken as a reference merid- 
ian? p. 414. 2. How ia the most westerly station determined? 
p. 472. 3. What is meant by the first and last courses? p. 414. 
4. What is the longitude of a course and how is it obtained 
from the longitude of the preceding course? 5. Explain by ' 
means of a sketch the general method of calculating areas 
from latitudes and longitudes. 6. Why are double longitudes 
used and how ia a double longitude of any course obtained 
from the longitude of the preceding course? p. 416. 7. Outline 
the general method of computing areas from latitudes and 
double longitudes, p. 410. 8. What are some of the soi 

istakes? p. 417. 9, By means of a sketch explain the metbod I 



of computing areas from coordinateB, p. 418. 10. Ejtplain two 
general methods of computing irregular areas, p. 419. 11. Com- 
pare the two methods, p. 420. 



Reference: Case I, p. 422. 

Directions: Follow the method of procedure of Case I, p. 422. 
Before beginning the exereiae study carefully the illustration on 
p. 423. 

Problem: . (To be assigned from the fourteen problems given 
below.) 



PROBLEMS. 



271. Divide tiic polygon in 
parte having equal 

272. Divide the polygon ii 



parts having equal 



273. Divide the polygon 



parts having equal 



274. Divide the polygon 



275. Divide the polygon 



parts having equal 



Problem 2<>3, p. Vi%* into two 
line parallel to CD. 
1 Problem 254, p. 140,* into two 



by a line parallel to DA. 



Prohlem 255, p. 140,* into two 



areas by a Une whose bearing is N. 30° 



Problem 256, p. 140,* ii 
line whose bearing is N. & 
Problem 2.57, p. 140,* 



by a line whose bearing is 8. 60° E. 



i Problem 258, p. 140,* into t? 
a by a line whose bearing is N. 75° E. 



276. Divide the polygon 
parts having equal 

277. Same as Problem 276 except the bearing of the divid- 
ing line is N. 4° W. 

278. Divide the polygon in Problem 261, p. 140,* into two 
parts one of which (bounded by the line NO) has an area double 
that of the other. The bearing of the dividing line is N. 45° W. 

279. Divide the polygon in Problem 262, p. 140,* into two 
parta one of which (hounded by the liii« M.V) has an area double 
that of the other. The dividing line is parallel to MN. 



A 




280. Find the paction of a line panllel U> AB wliH^will 
divide the polygon ABCDEF into two cquaJ paru. The lui- 

' tudea aod departures of the lines are as follows: AB^VMft.S., 

I 800 ft. E.; tfC = 300 ft. ri., 500 ft. W.; CD = OJO ft. S., 400 
E.; DE = 200 ft. S., iOOO ft. W.; EF = 900 ft. N., 600 
ft. W.; FA =600 ft. N., 900 ft. E. 

281. Find the poaitioii of a line parallel to ED wliichvill 
divide the polygon ABCDE into two equal parts. TTie lati- 
tudea and departures of the lines are as follows: BA = 1300 
ft. N., 300 ft. E.; AB = 400 ft. S., 800 ft. E.; BC - 300 ft. S., 
600 ft. W. ; CD - 600 ft. S., 400 ft. E. ; 0£ - 200 ft. S„ 1000 W. 

282. Same as Problfim 2.S0 except that the area to be parted 
off is 10 acres, bounded on one side by AB. 

283. Same as Problem 281 except that the area to be parted 
ofT is 8 aeree, bounded on one side by ED. 

2S4. Divide- the land described on p. 179 into two equaJ parts 
by a line perpendicular to the street line. 

Exercise A-6. 

To Part OfT a Required Area by a Line Starting from 
a Given Point. 

Referenee: Case H, p. 424. 

Directioiis: Follow the method of procedure of Case 11, 
p. 424. Before beginning the exercise study carefuUy^ the illus- 
tration oji p. 420. 

Problem: . (To be assigned from the fourteen problems 
given below.) 



PROBLEMS. 



I BtUiJent may Ms 



291. Divide the polygon in Problem 253, p. 139,* into two 
parts having equal areas by a line starting from the point A. 

292. Divide the polygon in Problem 254, p. 140,* into two parts 
having equal areas by a lino starting from the point B. 

'^3. Divide the polygon in Problem 255, p. 140,* into two pacta 
k having equal areas by a line starting from a, point half way 
n A and E. 




U. Dividi! the polygon in Problem 250, p. 140,* into two 
parts having eqnal areas by a line startiug from a point haU 
way between B and C, 

35. Divide the polygon in Problem 257, p. 140,* into two 
parts having equal areas by a line starting from a point half 
way between 6 and 1. 

36. Divide the polygon in Problem 238, p. 140,* into two 
parts having equal areas by a line starting from the point Q. 

37. Same as Problem 29G except the dividing line starts from 
the point V instead of Q. 

298. Divide the polygon in Problein 261, p. 140,* into two 
parts one of which (bounded by the line NO) has an area double 
that of the other. The dividing line starts from M. 

299. Divide the polygon in Problem 262, p. 140,* into two 
parts one of which (bounded by the line M.V) boa an area double 
that of the other. The dividing line starts from Q. 

M. Same as Problem 280 of the preceding exercise, p. 142,* 
except that the dividing line starts from A, its direction being 

)1. Same aa Problem 281 of the preceding exeroise, p, 142,* 
except that the dividing line starts from C, ita direction being 

)2. Same as Problem 282 of the preceding exercise, p. 142,* 
except that the dividing line starts from C, its direction being 



303. Same as Problem 2S3 of the preceding e: 
except that the dividing line starts from a point on EA 500 ft. 
from E. 

304. Divide the land described on p. 179 into two equal parts 
by e, line etartiag from the middle of the western side. 



GROUP E. 
I'lAltTHWOItK CALCULATION. 



Eiprcbe E-l. 



Til CiUi'iilntr t^iirthwork by the Method of Unk 

Area§. 



IC'/rreficn: I'ltfCcK ■fiR t» 4%, ulao page 287, { 362. 

Itirtrhoin: Bofoiv boxlnninji; the computatioa make ftdelA 
M illnvtixl iti tlip liivthoil a! pmcnlurc at the bottom of p.430- 
rtilliiw tliJB mnthiMl of pnitiitlure closely, observing the pnetial 
tiilUpwtliiii nn [1, -1:11. 

I'nil'lnn: (To Ih' iissigneii from the fourteen problfinB 

hIvi'ii In'Iow.) 

PROBLEMS. 

Whrn lh.-fi,iUbfd mr/ace is keel. 

'M\. \ KotiuiKiiliLr plot is divided into 20-ft. squEires and the 
onniPnt are niimlHTwl according to the system shown in Fig. 
402 (o), p. mi, Thu clevatioiia at each comer in feet are u 
(ullowv: 

AO - 28.1, B2 - 2S.9, C4 - 17.6, AG = 15.4, Fl - 26.1, 

Al-20.a, B3 - 23.2, CS - 16,1, 00-23.8, ^ = 26.1, 

.42-24.3, B4 - 20.1, C6 - 18.4, £1=21.2, F3 = 2&.9, 

A3 - 27.1. B6 - 19.4, DO - 20.2, E2 = 18.0, F4 - 25.3, 

i44 - 22.4, B6 - 24.3, DI - 17.4, ^-17.8, FS = 

45 - 21.9, CO - 23.1, D2 - 16.9. B4 = 18.9, FS - 27.L 

A6 - 28.3, CI - 30.1, M - 15.4, B5 - 21.1, 

25,2, C2 - 21.8, Di - 14.5, E6 - 22.3, 

23.2, C3 - 19.4, D5 =- 13.2, FO =• 24.0, 



level surface whose elevation 
rth to be removed. Answer 




EABTHWOBK CAIOOXATION. 146 

312. Same as Problem 311 except it is required to lind tlio 
Amount of earth which must be filled in to bring the entire lot to 

level surface whose elevation is 30 ft. 

313. Same as Problem 311 except that the unit area is a 
£0-ft. square and the elevation of the level surface is 8.4 ft. 

314. Same as Problem 312 except that the unit area is a 
fiO-ft. square and the elevation of the level surface is 28.1 ft. 

315. Same as Problem 311 exoejit the unit area is a 50-ft. 
square and the elevation of the level surface is 9.9 ft. 

316. Same as Problem 312 except the unit area is a 50-ft. 
square and the elevation of the level surface is 29.2 ft. 

When the finished surface slopes in one direction only. 

317. Assume the data given in Problem 311. The elevation of 
the finiBhed surface at ^0 and i^O is 12 ft., and this surface slopes 
downward at the rate of 1 ft, per 100 ft. to the line between A6 
and F6 which Is horizontal. Find the amount of earth to be 
removed. 

318. Assume the data given in Problem 311. The elevation of 
the finished surface at ^9 and FQ is 30 ft., and this surface 
elopes upward at the rate of 0.5 ft. per 100 ft. to the line between 
AO and FO which is horizontal. Find the am.ount of earth to 
be added, 

319. SameasProblem317except the slope is 1.5 ft, per 100 ft. 

320. Same as Problem 318 except the slope Is 1.0 ft, per 100 ft. 

When the finished iiirface slopes in two directions. 

321. Assume the data given in Problem 311. The plane of the 
finished surface is determined by two linM, one from AQ to X6, 
the other from A6 to F6, The elevation of this surface at Ad is 
13 ft,; at -16, 11.5 ft.; at F6, 12,5 ft. Find the amount of earth 
to bo removed. 

322. Same as Problem 321 except the elevation of the finished 
, surface at AO is 30 ft,; at -16, 31,2 ft.; at FQ, 29.0 ft. Find the 

k amount of earth to be added. 
323. Same as Problem 321 except the unit area is a 50-ft. square 
and the elevation of the finished surface at -40 ia 10 ft.; at -16, 
11.8 ft.; and at i^6, 12.3 ft, 



146 KABTHWOBK CAIXrUIiATIOH. 

3M. »Miiriurmblcm322esc«ptt)ieiiiiitUMwsS&A.i9B> 
KDil the olnvation of Lhe finished stirfacv at J0ia2SJ fL;iiif, 
•MM ft.: and ut /''O, M.V h. 

QiiMiann: 1. What iimeant bya3pereeiit gradeargiaifitBir 
p. 4'JS. 'i. Huw are the elevations at diffemit punla «oni- 
■pundlnK to n pvcn gmde calculated? p. 428. 3. What ii tk 
out or flII lit iwyf point, and the coirespoDding algebraic m^. 
p. A'lfi. \. What ia a polyhedron; a tnmcated priam; a nghl- 
truncnt'il priiim? p. 420. 6. What la the volume of a ttunralid 
pri«n (H|ual to? 0. Give the general method of cakulatinf 
earthwork fmin unit areui, p. 429. 7. Explain tlK method of 
prucedun.' when the finished surface slopes in one direction: 
whdii it alnpna in two directions. 8. Explain the method oJ 
proowluiv when the outline of an area is not rectanguUr, p. 431- 
H. (live lUggeHlionH: (a) For a syHtematic method of com- 
putation, p. 4:U : (1>) OS regards the siie of a unit square, p. 4-%. 
lU. In very uneven ground how may the method of unit nc- 
tangltMoraquarea be modified to obtain greater accuracyT p. >!Si. 



To Ciik'iilittc Karthwork by the Method of Unit 
Areas. 



This exoreiso is the aaine as llic preceding exercise except that 
the outline of the area to be graded is not rectangular, but 
i rrcgular. The instructor should make up a problem aimitar to 
that indicated in Fig. A&l (g), p. 431. or Fig. 468, p. 432, estah- 
liihing the elevations tor the finished surface in such a way that 
It will lie entirely below or above the original surface, i.e., so 
that the grading will be all cut or all fill. 



EARTHWORK CAIXJULATION. 147 

Exercise E-3. 

To Estimate Cut and Fill by the Method ol 
Unit Areas. 

ejerence: Page 432, | 468. 
Directions: Before beginumg tbe computation, make a sketch 
B directed in the method of procedure at the bottom of p. 430. 
)etermiDe by interpolation the points where there is neither cut 
r fill. (See p. 433.) Calculate separately the cut and the 
1, each by the method of § 467 (e), p. 430. For the methods 
interpolation see \ 469, p. 43;?; also p. 497. 
Problem: (To be assigned from the thirteen problems 

1 below.) 



PROBLEMS. 

When the finiskeil surface is tevd. 

331. A rectangular plot is divided into 20-ft. squares and the 
comers are numbered according to the system shown in Fig. 402 
(c), p. 341. The elevations at each comer in feet are as follows: 
^0 = 42,4, B3 = 41 .6, C6 = 38.0, E2 = 38.7, F5 = 33.2, 
Al = 41.3, B4 = 39.9, DO = 41.6, £3 = 36.3, F6 = 31.7, 
A2 - 42.1, B5 - 3S.2, Dl = 40.S, Ei = 37.2, 00 - 45.8, 



A3 = 43.2, 


B6 = 37.1, 


m " 41.0, 


E5 = 36.1, 


Gl = 43.4, 


A4 = 39.6, 


CO = 44.2, 


03 = 41.4, 


£6 = 35.0, 


G2 = 41.2, 


A5 = 38.7, 


CI = 45.6, 


D4 = 40.3, 


£0 = 43.2, 


G3 = 39.7, 


AG - 36.3, 


C2 = 43.9, 


C5 = 39.1, 


J^l = 42.1, 


G4 - 37.4, 


BO -43.1, 


C3 - 42.1, 


D6 = 36.9, 


F2 - 37.8, 


G5 - 31.0, 


Bl = 44.0, 


C4 = 41,8, 


m = 42.6, 


F3 = 35.4, 


06 = 30.0. 


B2 - 42.8, 


C5 = 39.9, 


El = 41.4, 


Fi = 34.6, 





Calculate the cut and fill required 4« grade the plot to a level 
surface whose elevation is 40.0 ft. Answer In cubic yards. 

332. Same aa Problem 331 except the elevation of the level 
surface is 39.0 ft. 

333. Same as Problem 331 except that the unit area is a 50-ft. 
square and the elevation of the level surface is 37.0 ft. 



I 



X». HameMpnUenSle 
wiiianr and Uie drvstioo Ot ttw k««I ■ 

li'di 3>tl in onfa>r to make eul aad B n|«rf~ 

K'Aen fAf finuhtd turfcc tiapm im mmt ti ■■ii i i % 

:i;hi. AMUincthedaU^raiinPiaUcBSn. TWAirfwi^ 
tl»- flnUlinl Mirfun U j<0 U 40.0ft.: bLA^ 3B^ft.: at en. «aa-, 
Htirl at m, m.& ft. Cslcubte the cot MdM ■ P^E^ * * 
[rlnrii' ■urfufi* cli^U^nnioed b; tl 

Ml. Mamn nM Problem 3;t6 e 
Ati, 11.0(t,;.4S, ;w.ort.;Oa, 41.0ft.;O6,38i)ft. 

.IW. HiMnniu>I>mbtcni3:{6ezcepttbeaiiitanaia*3l^ft.^nH( 
nixl llio i>k<viiUui» ftre m foUon: Jo, 3SjO ft.; .46, 37.5 li; 
(Hi, :w,(i ft.; f;o, 37.5 ft. 

II;M fteitiouPmblem3-%ezceptilieuiutai»ia>50-ft.«[ian 
mill till* nluvnUiiiu are u toUows; AO, 41il ft.; A% 392 tl 
m, 41.0 ft.; (70, W.2ft. 

Wh*n lli« flnuhed mirf/ux Mlope* in two dinetiotu. 

;MH, AwiimuthotlBtn KiveninProblemSSl. TlieiJaneof (be 
Diiltiliril Rurfncn \a dntcnniiicd by two boo, one from -10 to Jft 
llin (illinr from AQ to da. The elevMion of this surface at .10 ia 
i-HSh.,at Ati,Aa.2ft.;ai Oti.'JSA tt. Calciilate the cut and £1 

IM I . HiirrtM m ProWnm .'HO except the elevatioo of the fimahed 
■urfiuiii nt At) I* 41,8 ft.; at A6, 38,2 ft.; at G6, 39.4 ft. 

'M2. H»iii(iMProbioin''HOexcept theunit areaisaSO-ft.squve 
iitid tlin (iluvutioti of tho finiebed surface at AO is 40.2 ft.; at 
4lt. ;Ht,0 ft.; rtt«0, 37,2 ft. 

343, Hiiiiiit lut Problem 340 except the unit area is a SO-ft. 
wiUHm and till! I'lnvation of the finiahitd mirface at AO ia 39.0 ft; 
Hi An, 4U.2 (I. ; at C/G, 38,4 ft. 

Exercise E-4. 

T» ('ulculatc Cut and Fill by the Method ot 

Unit Arca§. 

(IrrcRulikr BowniUrin.) 
llilN nxrriri*^ is the Rome as Exercise E-2, p. 146,* except that 
tlio llriiiiljMl mirfocr is such that the calculations will be for both 
cut mid till, iiiHtoad of for all cut, or for all fill. 
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BABTHWOEK CALCULATION. 



Reference: Page 434, § 470. 

Directions: Find the area of each cross-seetion in 
either by the use of the planimetcr or by calculation, and apply 
"end area" formula to the solids between the respective 
cross-Bectiona as explained in § 470. 

!e; If desired. th« prob 
ila." Tbe probleniB ar 



also be 


Boh-ed by the 
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mple pu 
I will HtU 
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PROBLEMS. 
151. A ditoh is 8.0 ft. wide at the bottom, and falls 0.5 ft. 
100 ft.; its sides slope outward IJ horiKontal to 1 vertical. 
The elevation at the bottom of the ditch at + = 20.0 ft. 
The elevations of the three points on the surface of the ground at 
station are as follows: at +0, C (the center height) = 
Ft., B (the right-hand edge of the ditch) = 31.1 ft., L (the 
left-hand edge of the ditch) - 33.6 ft.; at + 60, C - 31.6 ft., 
R = 30.8 ft., L = 32.4 ft,; at H- 00, C = 30,1 ft., B = 28.7 ft., 
31-0 ft.; at 1 -I- 60. C = 28.2 ft., S = 2G.4ft.,L = 29.1 ft.; 
at 2+ 00, C = 24.3 ft., R = 23.1 ft., L - 35.3 ft. Calculate 
the earth to be removed from the portion of the ditch given 

Same as Problem 351 except the bottom of the ditch is 
10.0 ft. wide and the sides slope outward li horizontal to 1 
vertical. 

353, Assume the elevations on the surface of the ground to be 
i same as In Problem 351. It ia desired to build an embank' 
^nt, the top of which is 8.0 ft, wide and at an elevation of 
.0 ft. The aides slope 1} horizontal to 1 vertical. Calculate 

the total fill. 

354. Same as Problem 353 except the top of the embankment 
is 10.0 ft. wide and at an elevation of 38.0 ft. The sides slope 
X\ horizontal to 1 vertical. 



^50 KARTHWOBK CAXCDLATION. 

Qtiettion*: I. E)efine priamoid. 2. A transverse giope a 
ooted bjr the boriiontal disUuMe wbkh corresponds to a ver 
distance of one unit. Hon- does this differ from the metliod 
ordinarily lued in denoting a longitudinal sktpe (eommooi; nlled 
"grade")? 3. Givp the "end area" formula. 4. Give the 
"ptianoidal" formula. 5. Which gives the better lesulul 
6. In the " prismoidal " foraiula is the area 3/ the mean 
two end Areas ; how is it obtained? 7. What is meant by " three' 
level " croeB-aectJonsT S. For " three-level " sections how a 
the work of computation be shortenedT 



Eiercite E-4>. 
To Estimate Cut and Fill from a Ckintour Map. 
Referena: Page 435. 
DinxlioTit: The problem in this exercise is to estimate the eat 

and fill from a contour map. using one or more methods explained' 
in S 471, p. 435. A contour map already plotted may be uee^ 
or a fictitious map similar to that shown in Fig. 471 (»), p, ti^ 
may be drawn and used aa a bam for computation. 

Quesliont: 1. Explain in detail the firet method, p. 43& 
2. Expl^n the second method, p. 436. 3. Explain the thiidf 
method, p. 436, illusttating it by means of a sketch. 



r 




GROUP P. 

EXERCISES IN PLOTTING. 



Use of Drawing Instruments. 

References: Pages 438 to 442 and pages 445 to 449. 

Preparaiions of inairuments: 1. First of all, eharpen the pencU 
properly and then keep it sharp. Sim remark, p. 438. Eveiy 
student is required to keep at hand a piece of sandpaper and a 
cloth which may be suspended from the comer of the drawing 
table tor convenience. 2. Inaert a htird lead in the compasses 
and sharpen it to a cone thape point. See p. 442, § 478 (1). 
3. Adjust the pivot needle, p. 442, f 478 (2). 4. Make a 
\pricking point by inserting a needle in a wooden or a wax handle. 
See p. 418, § 486. 5. Test the edge of the T-square for Btruight^ 
ncBS. See footnote, p. 438. 6. Test the right hand edge of the 
drawing board for straightness by bringing the upper edge of the 
T-square into contact with it. In a similar manner see if the sur- 
face of the board is a plane. 7. Test the triangles as directed in 
the footnote, p. 439. 8. Either during this exercise or previous 
to the next exercise, the student should prepare a protractor 
similar to that described on p. 436, § 493 (c). 

1 aupposfld to have hod a coursfl ia meofaaaieAl 
■ ■ it win be found «d»an- 



rafting w 



nplot 






Duld. Additions 
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if taken throUHhout Ihi 
r«eults tbsD he otherwiai 
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PROBLEMS. 

a6L (1) Draw a horizontal line about 10" long. (Read \ 483, 
p. 446.) (2) Set the zero mark of the scale at an assumed point 
Q the horizontal line, and iDiihoui moving the scale lay off in 
a scale of 1" = 20' — 0* the following distancea ; 
IBl 



AB-30tt.,BC=i2 ft., Ci>=65.5ft.,andDJ?-21.6ft. Check-, 
AB - 159.0 ft. (Read | 475, p. 440, and § 486, p. 448.) (3) 
Dmw a second horizontal line about 10* long, and in a. EimUu 
manner lay off (to a scale of r = 40'-0'): -(- 40, + ffl. 
1 + 10, 1 + 75, 2 + 38, 3 ■(- 17. (Read § 48ti (a), p. 449.) 



NbU: 



nl] noU^ (1) li 
ioviSEble priok-ra 



.«noil is Bhtu-pened corrwlly. (2) If finn 

■ad frflehaad circln have been used. (3) If teDetha & 

302. (1) Draw a line about 6* long at 45° to the horizontal, 
and mark two points on it A and B, 128.2 ft. apart to a scale of 
1'— 30*- 0". (2) By means of the compaaaes and scale, eBOb- 
liah a point C 98.5 ft. from A and 120.0 ft. from B. Draw ouly 
(Read | 478, p. 442.) 



Note: 



ectly. and if (he U: 






Ifn 



I CTideDl 



363. (1) Dmw a line at random about 10' long and inclined 
about 10° to the horizontal. (2) Mark off on this line 421 ft. to . 
a scale of 1" = 50' — 0'. (3) At one end of tliis length erect a 
perpendicular about W long by using Iwo triangles. (Read § 474 
(l),p.439.) (4) Lay off 328 ft. on this perpendicular. (5) Com- 
plete the 421 X 328 tt. rectangle without further measurement 
by drawing parallel Unes with the two triangles. (Read § 474 
(3), p. 439.) (6) Check the rectangle by measuring the lengths 
of the two diagonals. 

Note: In inepiwtlDg the above work the inatmctor wOl Date: (1) It ' 
li^t hair-lines have been used, and if the liriEs iat«sect ebarply at oor- 
nera. running beyond instead of slopping short. (2) If right melhoda of 

the iBngths o! the sidea of a rectangle and of its diigiina' 

Quxxtions: I. What is the purpose of sharpening one end of i 
the pencil to a wedge shape edge? p. iSS. 2. How close to the 
ruling edge should pencil lines be dmwn? p. 438. 3. Give 
additional suggestions for penciling, p. 446. 4. Give su^eetions 
for the use of the T-square, p. 438. 5. Why should not the 
T-square be used against the top or bottom of the board tor draw- 
ing vertical lines? p. 439. 6. What is the incorrect way of erect- 
ing a perpendicular line by means of a triangle? 7. How should 
the triangles be used for erecting perpendiculars; for drawing 
parallel lines? p. 439. 8. Explain the use of the decimal scale, 
p. 440. 9. Give additional suggestioua for laying o 
ments as regards marking points; use of dividers; arithmetical ' 
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work; estimating fractions of a foot; setting the compasses to a 
n mdius; detecting large errors; detecting small errors; 
avoiding the use of the wrong edge of the scale; laying oB plus 
■tationa. p. 448. 10. Whttt is the proper use of the dividers; 
the improper use; use of proportional dividers? p. 441. 11. Give 
BUggestions for the use of the compass, p. 442. 12. Give sug- 
gestions tor the use of the curve-ruler, p. 442. 13. Give sugges- 
tions for fastening the paper to the board, p. 445. 14. Give 
precautions to insure neatness, p. 445. 15. Give suggestions 
for erasing as regards erasing pencil lines; keeping the eraser 
'pan; erasing ink lines; restoring the surface of the paper; use 
an erasing shield; cleaning tracings, p. 447. 

Exfrcise P-3. 
IHethodH of Plotting Angles. 

Meference: Chapter XXXVIII, p. 455. 

Diredio-ns: The angles in each problem of this exercise should 
be plotted with as great accuracy as the method used in that 
problem will permit. Use hair-lines and prick the points. 

PROBLEMS. 

371. Draw a horizontal line 39(1 ft. long to a scale of I" = 50* -0". 
By means of the protractor lay off at one end of this line an 
angle of ;)8° 20' anii at the other end an angle of 51° 40'. The 
two lines thus obtained and the original Une should form a rights 
angled triangle; test the right angle by means of the two instru- 
mental triangles. (In using the protractor, minutes of arc are 
estimated.) 

372. Same as Problem 371 except use the tangent method 
for plotting angles, p. 458. 

373. Same as Problem 371 except use the cosine and sine 
method, p. 459. 

374. Same as Problem 371 escept use the chord method, 
I p. 459. 

375. Comparetheresultalsydrawinganarcof ()"■ radiusforeach 
ot the angles in the above problems, and by means of the dividers 
see if the corresponding chords are of the same length in all four 



J 



IM EXERCISES IN FLOTmiG. 

Qaation*: 1. K&me Gve metfaodB of [doUiiig an^es. p. 455- 
2. Give BUggEMiom for eealenngUie protractor, p. 45S- 3- Ciwv 
thne methoda of layiog oS an mugle gunler than 1§0°, p. 436- 
A. Bow ckadjr can u^ea be [dotted with an onfinar; pn- 
tnetor? p. 456. 5- What is a vernier piotractar? p. 
6. What is the adTautage of the fonn of protiarctor diowii 
OD p. 4%T 7. Give euggeetiona for makiDg such a pifrtraetor, 
p. 457. 8. Fi plain the tan^iit method <A pkitting aa^es, 
p.43S. 9. Wbybitiuli-uitagQOUstouaealO'bafier 10. When 
aa axi^ exceeds 45° how is it ploUedT II. Esplajo laethodB 
of plotting an^es a little greater or less than 00°: 180°: 270°. 
12. Give piBctical su^estions as regards erecting perpendicu- 
lars; laying off hundredths of an inch; using a base larger or ' 
smaller than 10 inches; checking ait^es rougli]2r; detecting small 
mistakes; laying off an^es in the Geld. p. 459. 13. Explain the 
cosine and »ne method of plotting angles and give the check, 
p. 459. 14. Explain the chord method of plotting angles, 
p. 459. 15. Give practical suggestions for Ibe choid method 
as regards use of beam compasses and scale; a home-made 
device; use of 5' radius; use of 8*, 9*, or 12* radius. 16. Explajn 
why, if the radius is 10* and fiftieths on the scale are used, it is 
not necessary to multiply the sine of half the angle by 2. 
See Fig. 496 (c), p. 490. 17. What is the laigest angle that can 
be laid off conveniently by the chord method without erecting a 
perpendicular? 18. Compare the different methods of plotting 
angles, p. 461. 19. Explain the three-point problem in plotting 
by the graphic method; by the algebrwc method. 



Methods of Plottii^ Traverses. 

(Introductory.) 

Before beginning to plot surveys from notes taken in the field, | 
it is well for the student to have a preliminary drill in the diffei«)t 
methods of plotting traveraea. For this purpose it is advisable 
to select a polygon of four or five sides from among the problems 
given on p. 122,* and to plot this polygon by each of the general ' 
methods explained in Chapter XXXIX, p. 463. He will thus 
obtain a knowledge of the advantages and disadvantages of the 
different methods when applied to the same polygon. 
pointed out on p. 463, for each of the four methods of plotting J 
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traverse lines there are four methods of plotting angles, but it 
not worth while to plot the polygon sixteen tiraea for the sake 
of illustrating each of these methods since many of them are bo 
nearly alike. The methods chosen for the seven succeeding 
iises have been selected with a view of bringing out the most 
important points connected with plotting traverses. In each 
exercise the choice of scale is left to the student or to the instruc- 
tor. If desired, different scales may be employed for the different 
problems, care being taken that the scale is not so large that the 
polygon will run off the paper, or so small that the accuracy of 
the work is impaired. It is not advisable to ink the drawings, as 
can be spent to better advantage in other work. 



Plotting Travcraes with a Protractor. 

Reference: Page 4C4, § 502. 

Directions: 1. Assume one side of the polygon in any por- 
tion on the paper that will permit the rest of the polygon to be 
plotted without running off the paper. 2. Plot the polygon, 
using the protractor for laying off angles, and the scale for 
laying off lengths. 3. Not only should the line from the last 
station pass through the first station, but the distance from the 
former to the latter, as scaled on the drawing, should be equal 
to that given in the notes. The student should roake this test 
when the polygon is completed. 

Problem: Plot the polygon of Problem , p. (To be 

" by the instructor from the problems on p. 122.*) 

QuesiioHS.- 1. Why is it important to plot traverse lines 
with great accuracy? p. 463. 2. How great an error in feet 
may be caused by the width of a line? 3. When may a pro- 
tractor be used consistently for plotting traverses? p. 464. 
4. OivB precautions for centering protractor, p. 464. 



IN PLOTTING, 

Exercise P-i. 
Tangent Method ol Plotting Traverses. 

Re/ereaee: Page 464, § 503 (a). 

Direcliong: I. Make a. rough freehand sketeh in the note- 
book and enter on this sketch the lengths !Uid the Singles 
plotted. (Angles ate not necessarily the same ub those giv 
the notes.) Check this data before proceeding. 2. Make out 
a tabic corresponding to that at the top of p. 4ii5. 3, 
each of the transit lines in succcsaion by the tangent method. 
Check each angle rou^ly with the protractor aa soon as plot- 
ted. 4. Check the length aa well as the direction of the laafe. 

Problem: Same aa the problem in Exercise P-3 except that< 
the tangent method is used for plotting angles. 

Questions: 1. Esplain the tangent method of plotting trav- 
erses, p. 4{t5. 2. If the closing line passes through the first 
stAtion and is of tlie right length on the drawing, what addi- 
UoDd check may \k applied? p. 463. 3. When a, traverse has 
a large number of sides, what check should be applied at every 
fourth or fifth station? p. 466, § 503 (c). 



Exercise P-5. 
Chord Method of Plotting Traverses. 

Reference: Page 465, § 503 (b). 

DirecHonn: Same as for the preceding exercise except t}iat< 
the table made out in the note-book corresponds to that at the 
bottom of p. 466. It may also be advisable to plot deflection 
angles at stations where the interior angles are very obtuse. 

Problem: Same as the problem in Exeroiae P-3 except that 
that the chord method is used for plotting angles. 

QueatioTia: 1. Explain the chord method for plotting trav- 
erses, p. 405. 2. Give the checks to be employed i 
method, p. 466. 3, Give the method of plotting by deflection 
angles, p. 466. 



EXEKCISES IN PLOTTING. 



Exercise P-6. 
Plotting Traverses by Bearings. 



Reference: Page 467, \ 505. 

Directions: I. If the bearings ot the lines are not given, cal- 
culate them from the angles at the stations, 2. Make a sketch 
in the note-book showing the bearing of each line and its length. 
3. Prepare a table in the note-book corresponding to that at 
the top of p. 469. 4. Find the direction of ea:ch line from its 
bearing by the method illustrated in Fig. 505 (a), p. 468, or 
Fig. 505 (b), p. 469, preferably the latter method. Whichever 
method is used do not fail to test the square and to mark each 
line as soon ae obtained with ita letters or its numbers as shown 
in the figures referred to above. 5. Plot the polygon in any 
position which will bring it wholly within the limits of the paper, 
by transferring the direction of each line of the polygon to its 
proper place in the plot. Check each angle of the polygon 
roughly aa aooQ as it is obtained, ueing the protractor for this 
purpose. 6. Apply the usual testa to the closing line. 

Problem: Same as the problem in Exorciae P-3 except that 
the sides of the polygon are plotted from their bearings by the 
tangent method. 

QjieeHons: 1. Explain the general method of plotting trav- 
erses by bearings, p. 467. 2. What bearings are plotted? See 
Note, p. 467. 3. Give two general methods of procedure. 
p. 467. 4. In either method what is the most convenient 
meridian to assume? p. 467. 5. When is it conveuient to use 
a T-square with an adjustable head7 p. 468. 6. Explain the 
tangent method of plotting bearings, p. 468. 7. Explain the 
corresponding modified method, p. 469. 8. Explain the chord 
method of plotting bearings, p. 469. 9. Explain ■ 
aponding modified method, p. 470. 10. Give the checks to be 
employed, p. 471. 11. Give one of the chief objections to 
plotting traverses by bearings, p. 471. 12. To what kind of 
work is this method best suited? 
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■ew, kan it » better to cnfioj tbe meifaod of { SOS <eX p. C 
diawkig * new meriiima at cadi etatkMi. Fdow the d 
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: Stioc aa the ptDblan u 
the adea d tbe polygoa are plotted from their b 
creDce meridian bong dmni at ead) statioa and tl 
i^ beorins plotted t^ tbe chord method. 

QvtilioKt; 1. Explain the method of plotting l 
a fefexence mendJan at each station, p. 470. 
method with the method of the pm^eding exercise. 
anoUier method sometimes used for large maps. p. ■* 
4. What is the advantage of this method? 

Eiercise PS. 
PlotltDg Traverses by Azlmnths. 

Re/erwiM- Page 471, i 506. 

Dirtctioru: 1. Change the beariags of the sides ol the p 
gon in the pnM^eding exercise to aiimuths. 2. llake » t 
hand sketch in the note-book, giving the aiimuth and I 
of each line, and the angle nbich iHIl be plott^ at each eI 
'3. Use either the tangent or chord method for plotting t 
angles, preparing in advance a table of tangentfoi 
correspond. Apply the usual checks throughout the work. 

Problem: Same as the preceiMng exetrise except i 
plotted instead of bearings. As this in itaelf involree litth 
t is new, it is desirable to use a method of plotting e 
employed in either of the two preceding problen 
the azimuths may be plotted by the tangent method f 
mendiaos drawn Uirougfa the stations. 
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Plotting Traverses by Latitudes and Departures, 

Reference: Pages 471 to 475, | 507. 

DirecHans: Follow the method of procedure outlined on 
■ p. 472, I 507 (b), observing also the practical eiiggestions at the 
top of p. 475. 

Problem: Same oa the problem ia Exercise P-3 except that the 
polygon ia plotted by the method of latitudes and departures. 

Quextiona: 1. What bearings are used in computing latitudes 
and departures, calculated or magnetic? p. 471. 2. Without 
going into detail, what is the general method of plotting by 
latitudes and departures? p. 471. 3. Why is the most west- 
eriy station the most convenient reference point? p. 471. 
4. Could any other reference point be used? 5. If azimuths 

e given in field notes instead of buaringa, is it necessary to 
reduce them to bearings before calculating latitudes and depar- 
tures? p. 472. 6. Explain thre« different methods of detei^ 
mining which is the moat westerly station, p. 472, 7. Outline 
in detail tlie general method of plotting by latitudes and depar- 
ts, p. 472. 8. What is the object in using a reference- 
tangle and measuring from the two nearest sides to locate a 
point instead of locating it by co6rdinateB by means of a 
T-square and triangles? p. 473, "Caution." 9. Give practical 
suggestions for plotting by latitudes and departures bb regards 
(1) plotting large maps; (2) assuming the reference-rectangle 
} that no side is horizontal or vertical; (3) testing the rec- 
tangle; (4) plotting each station by its latitude and departure 
from the preceding station, and the advantage of this method; 
(6) advantage of drawing the traverse lines so that they stop 
just short of each station, p. 475. 10. What checks may be 
employed in this method of plotting? p. 475. 

Methods of Plotting Traverses Compared: 1. Compare the 
tangent method and the chord method, p. 475. 2. What ia 
the chief advantage in plotting direct angles or deflection 
Kngles instead of bearings or azimuths? p. 475. 3. What are 
some of the disadvantages of the direct angle method? p. 475. 
4. When may the method of plotting by bearings be used? 
p. 476. 5. What are the advantages of plotting by latitudes 
and departures? p. 476. 
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Exorcise P-10. 
PlottlriK the Survey on Pagt 184. 



■■ilnM Trhioh M* uml In Iha ne 

bi hdil III nunmotf'in with Ihla exdrDise. 

fff/xMiM^; (.bmmonts on tlin tiurvcy are given on p. 184;< 
mniU on llin hotra on p. IrtS. Tlie a 
IMV glvtnx (til llip hiKot shrwt opposite to p. 190, IHtu 

thrtfliawi; 1, I'lot tho tranait lines first, 
tritfiiiiiiiiiotrio iiietlioU*. 2. Plot the dctaiU, usiog tJ 
)irutnu>Uir. 

I'roMrm; IHot tho aurwy shown on the inset sheet o 
|i. IIHI, llliintnition 5. ('liiKme u scale ob large as practicable ai 
ntlll hitvi' ILiii mnp fiUl within thu liinita of the paper. 
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GROUP Q. 
QUESTIONS PEKTAINING TO MAPPING. 
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Plotting Maps from Field Notes. 

(Introductory). 

In raoat courses in aurveying students are required to plot 
maps from their own notes taken in the field. The preliminary 
drill in plotting having been completed and this work of plotting 
field notes having been begun, it is well to hold recitations from 
time to time on tSiiit part of the mapping in which the student is 
engaged. Thus, for example, before beginning to work up the 
notee preparatory to plotting, it is well to cover the ground out- 
lined by the questions in Exercise Q-1. Before beginning to 
plot, the questions in Exercises Q-2 and Q-3 may be discussed. 
Before beginning to plot details, Exercise Q-4 may be taken up, 

id when the map is finally completed in pencil and reaily to 
Ink, questions on finishing the map may be discussed. 



WorklDg lip Field Notes l*reparatory to Plotting, 

Qutsiions: 1. What is one of the first things to do in working 
up notea? p. 477. 2. In addition to saving time what other 
object is there in getting together all data and in making all the 
^preliminary calculations before beginning to plot? p. 473. 3, 
When is it most necessary to correct field measurements? p. 478. 
. What are Home of the corrections applied to linear measure- 
ments? to angular measurements? p. 478. 5. For what purpose 
■e measurements adjusteilT p. 478. 6. How may linear meas- 
urements be adjusted? angular measurements? p. 478. 7. It is 
>often beat not to follow any rule in adjusting angles. How is this 
'illustrated by the survey oa p. 390? p, 479. 8. In work of great 
n how are observed values adjusted? p. 479. 9. What can 
;you say regarding the calculation of bearings: forpurposesof p!ot- 
;; true bearings; use of adjusted values in angles; beariugs iu 
161 
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eompasa earveyel p. 479. 10. Wbat methods are used for 
Bupplfing miaiing data and what is the disadvantage in the ut 
these methods? p. 480. 11. ExpluD the method of reducing 
stadia Dot«B \iY the use of reduction tables ; ^7 means of a dia- 
gram.* p. 4SI. 12. Why should the abridged method of 
multiplication be used in connectian with reduction tables? 
13. Summarize the first five or six steps in preparing data for 
plotting, p. 483. 14. Give the additional steps, p. 484, for 
(a) protractor method; (b) tangent method; (c) chord method; 
(d) latitude and departure method; (e) azimuth method. 



PlottfDg the Map. 

(GeDH^ Mettiinls and SuKKCsliaoB.) 

Questions: 1. Wliat is the best kind of paper for map work? 
p. 485. 2. What is the best paper for maps that are to be tinted; 
tor maps to be reproduced? p. 485. 3. What are the advantages 
and disadvantaKes of the difTerent kinds of blue print paper? 
p. 485. 4. What arc the most essential requirements for draw- 
ing instrumenta? p. 4S0. 5. Give some of the precautions to be 
taken in accurate plotting, p. 486. 6. What effect has the 
shrinkage of the paper and how may shrinkage be partly avoided? 
p. 486. 7. Why should maps be kept flat? p. 487. 8. Give the 
general methods employed in mapping, p. 4S7. 9. Give the 
general method of procedure, p. 487. 10. What are the most 
common scales for ordinary maps? p. 488. 11, Wliy are not the 
scales of 70 and 90 ft. to the inch commonly used? p. -4 
12. What is the so-called natural scale and what are some of the 
scales used for government work? p. 488. 13. Give some of the 
primary considerations in choosing a scale and illustrate hy 
examples, p. 489. 14. Give some of the common scales used; 
tor preliminary surveys of railroads; maps of mines and minin g 
claims; maps for architects, p. 489. 15. What are the advan- 
tages of the scales 1 in. = 20 ft., 1 in. = 40 ft., and 1 in. = 80 ft,? 
p. 489. m. What are some of the considerations which sen 
times detpirnine thi! size of the sheet? p. 489. 17. How does the 
arrangement of the map affect the size of the sheet? p. 489. 
• It dMired, tbe (tudoQt may ba required to oonstniet a diifnuii. 




QUESTIONB PERTAINING TO MAPPING. 

18. How may the shape and extent of a Burvey be determined 
roughly? p. 489. 19. Give two general rules for choosing the 
seale for a map. p. 490, 20. Why iB it advantageous to adopt a 
small scale for topographic maps? p, 490. 21. What ia the 
object in Bometimea drawing roapa of the same territory to dif- 
ferent Bcalcs? p. 490, 22. What arrangement of the map is 
desirable as regards points of the compass? p. 490. 23. Why 
is this arrangement seldom economical? 24. What effect has 
the natural approach to a piece of property on the arrangement 
of the map? p. 490. 25. What is usually the first step in begin- 
ning a map? p. 490. 26. Where do you begin to plot a map 
and why w^ork half way around a polygon in either direction? 
p. 491. 27. Give EUggestions for assuming the first line. p. 491. 

28. When it is desired to economize space and the map is 
plotted by latitudes and departures how would you proceed 
in assuming a reference-meridian, or rijfcrence- rectangle? p. 491. 

29. When is a preliminary plot unnecessary? p. 491. 



Plotting Traveriteg, 

(Eeview.) 

Questions: 1. To what do the different methods of plotting 
traverses correspond? p. 492. 2. In plotting traverses when ia 
the protractor used? 3. What are the other methods used for 
plotting traverses? 4. Why should traverse lines be plotted 
accurately? 6. Summarize five methods of plotting tranait 
lines, giving the checks used in each: (1) each line plotted from 
the preceding line, p. 492; (2) each line plotted by deflection 
angle, p. 493; (3) each line plotted from its bearing, p. 493; 
(4) each line plotted from its azimuth, p. 493; (5) transit lines 
plotted from latitudes and departures, p. 493. 6. Give the 
methodsof checking linear meaaurements: (1) any straight line; 
(2) comparing the lengths of lines with corresponding distances 
in field notes; (3) checking lines of a traverse; (4) checking two 
points by indirect measurements. 7. Give the checks for angles: 
(I) when laid off with a protractor; (2) test for two or more 
adjacent angles; (3) check for angles plotted by trigonometric 
method; (4) checking angles between traverse lines. 8, Answer 
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question on p. 495. 9. Give combination checks: (1) for 
a reference-rectangle; (2) for a closed traverse; (3) for 
diBtances taken in the field, p. 495. 10. Give methods of running 
down errors, p. 495: (1) when the error of closure is parallel 
perpendiotiur to some line in the traverse; (2) when a traverae 
has been plotted by direct angles; (3) when the direction of the 
closing line is found to be incorrect; (4) when lines have been 
plotted by bearings or azimuths; (5) when a point ia wrong and 
the mistake not easily found; (6) eSect of long lines i 
north and south or eattt and west. 11, GivethcdiSerent methodii 
of plotting a tnangulation net. p. 491. 



Plotting Details. 

Qite&Hont: I. Give the methods of plotting points lDcat«d by 
angles and distances, p. 496. 2. What precautions should be 
taken to avoid confusion? 3. Give the methods of plotting 
points located by angles. 4. Give the method of plotting pointl^ 
by linear methods only. 5. How may the straightneas of a line 
located by offsets be tested? 6. Give genera! suggestions foi 
keeping the drawing free from unnecessary tines, p. 496; for 
testing check distances; for plotting important points at i 
station; for plotting doubtful points, p. 497. 7. Explain the 
graphic method of interpolating contours, p. 497. 8. Why, i 
a rule, will a point interpolated from two given points be dif' 
ferent if interpolated between two other points, 
p. 497. 9. Explain the tracing cloth method of interpolating 
contours, p. 497. 10. Give suggestions for the use of 
method, p. 498. 11. Describe a home-made device for i 
polating contours, p. 498. 12. What determines the accuraejr 
required in plotting? and give illustrations, p. 499. 13. Wha# 
contributes to speed in plotting? p. 499. 14. Give the differeirii 
methods of copying and transferring maps. p. 500. 
methods are used for copying to a different scale from that of tl 
original map. p. 501. 



QUESTIONS PERTAINING TO MAPPING. 



Finishing the Map. 

Questions; 1. In finishing a map what are same of the specifl- 
cationa for workmanBhip? p. 502. 2. What in general should 
appear on a map? p. 502. 3. When la the scale of the map 
shown by a drawing instead of being given in figures? p, 502. 
4. Is a magnetic meridian always shown? p. 502. 5. What 
are the most important reciulretnents for aii ordinary property 
map? p. 502. 6. What are some of the additional requiremeota 
prescribed by law in some states? Remark, p. 603. 7. Give 
some of the requirementa for topographic maps. p. 503. 8. Give 
some of the things which should appear on a map made for an 
architect, p. 211. 9. Give the general method of procedure in 
finishing a map. p. 503. 10, Give suggestions for arrangement 
of (a) border lines, p. 504; (b) lettering, p. 505; (c) titles, p. 505; 

(d) names of streets, streams, property owners, utc, p. 505; 

(e) give additional suggestions for arrangement, p. 505. 
Questions on Inking: I. Give HUggeHtioiis for the use of a 

ruling pen as regards (1) producing clear-cut lines, p. 440; 
(2) metliod of holding the pen, p, 440; (3) adjusting the nibs 
of the pen, p. 441; (4) cleaning the nibs; (5) sharpening the 
pen; (6) method of inking straight lines (Suggestions (5), (6), 
and (7), p. 44B); (7) order of inking straight lines and circles, 
p. 447; (8) inking lines that meet in a point, p. 447; (9) inking 
wide lines, p. 447; (10) miiang india ink, p. 447. 2. Give 
additional suggestions for inking as regards (I) order of inking 
lines, p. 506; (2) inking edgps of streams and similar indefinite 
lines, p. 506; (3) inking traverse lines p. 506; (4) inking 
broken fines. 3. Give tiie method of outhne shading, p. 506. 
4. Give suggestions for the use of colored inks. p. 506. 

Questions on Tracing: 1. Give general suggestions for tracing 
as regards (1) which side of the cloth to use, p. 451; (2) prep- 
aration of the tracing clotli, p. 451; (3) effect of too fine lines 
and figures on the blue print, p. 451 ; (4) precautions to be 
taken in erasing on tracing cloth, p. 452; (S) inserting new 
pieces of cloth, p. 452; (6) effect of moisture on tracing cloth, 
p. 452; (7) use of tracing paper instead of tracing cloth, p. 452; 
• (8) best ink to use, p. 452; (9) method of cleaning a tracing, 
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p. 452. 2. What are the printing qualitioe of different colored 
inks? p. 507. 3. How may tracings be colored with pencilaT 
p. 50T. 4. Haw should streams and shore lines be colored? 
p. 507. 5. Give method of lettering tracings by shifting let- 
ters underneath, p. 517. 

Quegtiong on Lettering: 1. Upon what does good lettering 
mostly depend? p. 507. 2. What defects in lettering are 
least cKcusable? p. 508. 3. Give some suggestions as regards 
style of letters, p. 508. 4. Give general method of lettering, 
p. 509. 6. Give suggestions as regards the size of letters, 
p. 509. 6. Give suggestions as regards the proportions of 
letters, p. SIO. 7. Give suggestions for penciUng the letters 
as regards (I) use of guide lines, p. 510; (2) estimating the 
unit for proportioning; (3) blocking out letters; (4) two things 
to observe in drawing letters, p. 511; (5) devices for lettering 
on tracing cloth, p. 511. 8. Give the most important points ti 
be remembered in the construction of the various letters.* 
p. 511. 9. Give suggestions for inking letters as regards; pens 
used, p. 515; inking outlines of letters; filling in; touching up 
imperfect comers; testing the pen; precautions for keeping the 
ink. 10. What are the most common detects in lettenng? 
p. 516. 11. Give suggestions for spacing letters on paper; on 
tracings, p. 51G. 12. Give general suggestions for lettering 
maps as regarda (1) general arrangement, p. 517; (2) lctt«T> 
ing curved streets or winding rivers; (3) arrangement of t 
lines that are not centered; (4) positions of names and descrip- 
tions; (5) printing values of small angles and of a decimal of 
a foot; (6) distinguish iag between angular measurements and 
linear measurements, p. 518; (7} indicating the forward bear- 
ing for a line. 13. Give six dlSerent methods of making letter- 
ing more prominent, p. 518. 

Finishing Topographic Maps: 1. Give suggestions for draw- 
ing contour-lines as regards (1) color of ink, p. 518; (2) width 
of lines and kind of pen used; (3) which contours are accentu- 
ated; (4) marking elevations of accentuated contours; 
breaks in contour-lines, p. 519; (6) representing intermediate 

What are some of the common mistakes i 
drawing contours? p. 519, p. 338, 3. Give suggestions fi 

Tbia gtudv □( tbe Cothid cnpitsJa ie bnt mode ia connection with a 
regular uourse in lettering, or at least in separate cxereisefl dovolad b 
— -'"- ■ proportioning leltars. 
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OODventional signs.* p. S19. 4, Give method of drawing small 
water eouraes. p. 519. 5. Give suggestions for water-liaiog, 
p. 522. 6. Give suggeations for sec ti on- lining, p. 522. 

QTieslions on Tinting. (See p. 449.) I. Give tlie metiiod of 
mixing the tint. 2. What is the effect of pencil lines? p. 450. 

3. Should the drawing be tinted first or inked first? 4. Give 
suggestions for applying the tint. p. 450. 5. What is the 
secret of success in tinting? p. 450. 6. How may the tint be 
removed from outside the boundary line? 7. How may the 
surplus tint be removed? 8. Why is it well to go over the 
surface first with clean water? p. 451. 9. What is the best 
method of securing a dark tint? 10. To what is tinting on 
ordinary maps usually confined? p. 523. 11. Give some of the 
conventional tints. 

Questions on Border-LinM arid Titles: 1. (p. 523.) Give general 
suggestions for drawing borderlines as regards: simplicity; 
aze of rectangle; width of heaviest border-line; method of 
drawing a heavy border-line. 2. Where is the best place for 
a title? 3. On what does the size of the largest letters depend? 

4. What Is the first consideration in designing a title? 5. Give 
suggestions for: arranging subject-matter; making some lines 
more prominent than others; centering lines; spacing lines; 
makiag lines of unequal length; styles of lettering. G. Should 
lower-cafie letters be used? p. 524. 7. Is it well to make part 
of the lettets inclined and part upright? S. For what is single- 
stroke lettering used? 9. When should the title be drawn 
freehand and when with instruments? 10. Should words bo 
abbreviated in a title? 11. How may a title be centered on 
tracing cloth? 12. What are some of the mechanical devices 
for printing titles? 13. What should appear in a title? p. 525, 
14. Give the general method of procedure in constructing a 
title, p. S25. 

Questions on Meridian NeetUes, Scales, etc.: 1. How is the 
true north distinguished from the magnetic north? p. 52Q. 
2. How is the direction of the arrows determined? 3. Why 
should the magnetic declination be given in figures, If given at 
alt? 4. How is the scale usually given? 5. When is it most 
necessary to represent it by a drawing, and what is the chief 
advantage of this? S. What is the purpose of keys or legends? 
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' 7. Wben ahould explanatory notes be used and where should 
they be placed? 8. How may the paper be cleaned when 
maps are Gniehed; how may tracings be cleaned? 9. What 

I arc some of the things that should be stated in a surveyor's 
certificate? p, 527. 10, By looking up some of the references 
on p. 528, give the most (Essential elements of a good Sling 

I system. 

I Exercise Q-6.* 

Profiles. 

Quesliniis: 1, In plotting profiles, is it ciistoraary to use the 

^same scale for laying off elevations that is used for horizontal 
distunces? p. 529. 2. Wben does a profile represent a tn 
I vertical section and when does it not? p. 530. 3: Why a 
' profiles apt to be roisleading? Remark, p. 530. 4. What a 

the three standard styles of profile paper? p. 530, 5. Give 
' suggestions for the choice of scale, p. 531. G. What are sc 
of the most convenient combinations of papers and scales? 
p. 631. 7. Give the method of working up notes for profiles, 
[ including the checks, p. 531. 8. Give suggestions for method 
I, of procedure m plotting profiles as regards; assuming the posi- 
j tion and elevation of base-line, p. 532; where to begin the pro- 
< file; how to make 100-ft. stations fall on accentuated vertical 
lines; how to number accentuated lines, vertical and horizontal; 
how to plot points; how to chock points. 9. Give additional 
suggestions for: two men working to advantage, p, 533; mark- 
ing points; continuing a profile which nins oS the bottom or 
top of the paper; avoiding the common mistake of plotting 
turning-points and benches; plotting accurate profiles; making 
several copies of profiles. 10. Give examples of the method of 
plotting the profiles of several related lines, p, 533. 11. G 
the method of laying out grades and vertical curves on profile, 
p. 533, 12. Give suggestions for finishing profiles as regards: 
representing existing surfaces and proposed changes; ruling 
the profile or drawing it freehand; smoothing out sharp angles 
inking tlic base-line; methods of marking elevations; the points 
at which elevations should be marked; marking cut or 
marking rate of grade; tinting or coloring profiles; method of 
showing different materials. 13. Give suggestions for lettering 
ii profiles, p, 535. 
k " RecitBtion to ba beli] lu connBction with b.d eiBrqlao in plotlios prol 
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BiBiBUOO 3j -ajTiStf pauiorqns 3i[i ni paiuosajdai si paAOjddB isotn 
aqi inq 'nopBjapiBnoa japun Mon asodind aqj oj pajd-BpE joiasj? 
-Old aq? JO Buonsnjisuoa |EjaAas ajB aJaqj^ -ajBas [[bius ^|a)B 
-japoui B iiodn asja.iEjj e io[d 0% 'paqussap jCpB3jp 
'Suiaq asn jaiqa sji 'asod jnd aqj jaMsiiB jou p|Tio« SniqiJasop uaaq 

if aaeq 3A\ lojoBJioad JO pniJi aqi bb ! JoiaBjjojd niY[B]aiu JB[na 
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'joisvjiojd aTp soBjd oj I|3ti|m ifo 'nntpiiaui isjp aip oj pu 
flsui] uBipusiu ajoiu SniMGjp .(q 9iiop aq ^pses /bw i^ait 
'J\^sj\ m jaijWBd ^]i3Bxa poAom aq iRnui inq 'jCaAjna aijj jo i 
-sajTp sqi ui jodiid sqi no pa]jtt(s aq isntir ii 'aSpa s]i oi p3[ 
-turfsBq TiJOAV aqi pii« 'jaaqs ajBisdas u no si joperiojd aqq 
■XsAJns 31^1 JO uoiiind ]sa]vaiS aqj laaqs aqj oiPi SitpiaS joj nop 
-aoiip issq aqi ntaq ^cui ireipusiu Siiii|joa\ oiji VBi[t os 'J0)3SiiDjd 
aqi JO Biioisiiip aqi Suuaqiunu ui iiai^B] aq]sni« ajua jnq liaaqs 
aqi JO iJTid JCiiBouairu piieand aqi jfq pajaajsireai aq jCbiu eajSm 
aqj 'iadwd auiBS aqi no si ii iisq« loj 'lojd aqi qijai jadcd snitis 
oqi uo ^ou Kj jojaBJio.id aqi nai|*v i]iio ajqBaqddu sb pooiajapuii 
aq oj SI iionoajTp qaiqM 'joiaeJioid si\i Suiutioj apjp aq] uiqiiw 
paicjojjad aq jsnic 2iinio[d aq) ^^qi pajfiBinsJ a^Bq ajj 

■smiod paxp 
asaqi oi loadsaj qiiAV ijjom aqj jo ■CaRJuao'B aqi aAojd naqj i|i.n 
sSuuEaq aqi 'iioiiBinRn'Bui ^q uMop piB^ pne paxg jCjiQapnadapui 
uaaq aAnq siaafqo asaqj jt pu8 'y[iajA aip jo iCasJoaaE aApsjai ai|l 
JO jooid B SI iiiind ouins aqi tii saaq qans jo Sutssou aqj 'pafqn 
aiuBG aqi o] iia^jei naaq aABq sSiiuBaq ]BjaAas uaqu joj 'paaaojd 
sai^uB pji!Aiioj aqj jo Supioid aqi sb u.wop ppi aq oj ara 'sjDafqo 
snonaidsuoo shoubam BtmtiBis inaja_yip jb iiaijB] sSiiUBaq 3qj_ 

['11 puB ^ saSsd aas) 'ajqopoaqi aq] jo 3.tb (BanjaA ai]] 
^q 'loaqi SuunsBain jo auip aqi jb anop aq iBra qajqM 'aansBaiii 
[Bitiozpoq aqi oi paanpaj aq jsnra uiaqi jo qasa 'piiriojS aaAaiin 
iiaA no pajnsBain uaaq aaeq saiiji aqj JJ 'puodsajjoo ifpaBxa 
aauBisip aqj pin? 'g 'uoubis aqi qStiojq; ssBd ]]im ajSait pjBAv 
-JOJ aq] 'pa]3Bj)ojd puB pajnBBaui ^poauoa uaaq aABq aaaii aqi 
ji 'naqrtv 'tit 'iiiiod aq] o] aittoa nojC [i]iin 'jCaAjns aqi jo siio;]B]s 
3n;iiiBmai aqj q]i.«'paaaojd jaunHtn 3:^i[ uj -pauitajaiap aq jjim 
p iiopB]s aqi puK 'p 'aauBisTp aqj jjo Xo[ !p y 'ani( aq] MBjp 
puB 'y qSnojq] sassBd aSpa s]i [[i] ]i oaoui pue 'p 'iiotib^b aq] 
o] IB uajjB] ajSuB piBMJoj aqi o] ja]nj aq] ]aB ixaf;j; "paxij aq 
]^1M s pOB J Biioi]Bis aqi pnB 'io]d aqi jo ajBas aqi inojj saatreiBip 
asoqi jyo iv.\ puB 'o q puB 'j q 'sauq aq] MBip tiaq] 'q qSnojqi 
sassBil a3pa bj] |]I] 'J(3SJI o] [a]]BJBd i; apqs pnB 'jC[aAi]3adsa.i 
3 piiB J Buoi]Bis aqi 01 'q ]b iiasfB] sajguB aqi uo jajnj aqj jo 
aSpa aqi aDBjd ]xa^ 'q luiod oqi auiiujojap [[iA\ qoiqai 'q v 
'aaiiBjsip aqi jjo Xb] 'io]d aq] jo ajeos aq] luojj puB 'sassBduioa 
JO aiBd B qiiAi uaqj 'q v 'uoijaajip oqi UI V luo.Tj anq b MBjp 
puB 'v 'uoijBjB aq] qgnoiq] sassBff a3pa b]i ]]i] Jfasij O] p[[BJEd 
jain.i aq] apqa piiB 'q o] b[8ob pjBMJoj aq] joj ^o psaj a.iaM 
qaiqM suoisiAip oq] no jainj (ajjBjEd a3jG| b jo aSpa aq] aaB]j 
•Biaujoa b)i no B][]SiaA\ Ab[ 'Supjiqs qi itiaAajd o] puB 'ja)]i 
aqi iiodn UAiPJp attj[-nGipuaiu aip qjm apianjoa qEqs jauijoj * 
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Qudii !|Bi{) saoisiAip omes aip qSnojq; '8ui{ b MBjp lopcj^ojd 
Of} S90J3V naq^ t ireipuam Sai^ioM v se pamnssv aq iCvui (o laojj 
pauasqo uaaq svq qoiq^) ^^H^ Jo ^ao Xmi pini 'o qdnojq; aMVjp 
wji « pire UMop pnq aq ppioqs i^jjp ^aoi;BpiSaeiJn snoiAaid ^q 
wig uaaq aABq '37g *g y 'si^aiod aqi ji *ao i uHtpuaoi a'paaSBui 
np ^uasaidai o) 'lad^d aq^ ssojae 'v <)uiod Supie^s painnssB aq) 
[ftiojq:^ aai^ « aikBip isjij *iCaAjns jno jo i[jom aq) UMop iCv[ 
I paaaojd qml *pni2[ lan^I aq; jo jopBJ^oad b q)iM 'asoddng 

uo)3ej)oid aq) Saioijoj apjia aq; uiq^m pa) 
lojd SI jfioML aq; sb '^no ^na aq )snai apjia pa^Bnpvi^ aq) uiq^iM 
jOBd aq) 'piBoq-piBD jo )aaqs b uodn apcui ji 'jq 'asodind 
q; joj )i japan paa^jd jaded uodn s^uiod {BaoisiAip aq) q3nojq) 
[ip[aijd Xq ')! moij paaie)qo aq iCeoi saidoa |8jaAas 'aao auop 
diABq )Aq 'no pa);oid aq o) jadvd jo )aaqs XjaAa aodn pai2[ siq) 
> jo)a9J)ojd B UA&op Xbj o) amosaiqnoj) pajapisaoa aq iism ){ 

's^aasajdaj 
>)aBj)Ojd aq) qaiqiA 'a)i|opoaq) aq) sb auiBS aq) ^o09g O) apjia 
H) panoj a)inb 'o^ '^Qg *^oi 'O ^^^ paaaqranu aq pjnoqs saois 
Aip aqj;, 'a-^a aq) Xq pa)eaipsa aq ajojaaaq) )snai sappminb 
)|[eais t JO )raipB ^{qissod ||iiA a^ajia is qans sb uoisuipqns b 
^ninai sb st qoiqiA *sa)nniui ua) ^laAa o) apjio 9joqA\ aq) sapiAip 
uoisiAip aq) JO )8aj aq) uiojj jjo )as puB *s)jBd aajq) o)ui ^Qg 

jpiAjp Cofr o9 P V^^^P ^^} F«^^^) ,0g og P ^"{s IBJn)BU aqx 

'saajSap jpq o)ui a^ajia 
1) sapiAtp 'suoigiAip jaq)0 aq) uiojj j}o )as (^Qg ^^ jo pioqo aq) 
jnba) jQf og *auis iBjn)Bii aq) jo *pa)aasiq saaj5ap uaa)jij 

'saajSap a[^uis O) apjia aq) sapuip 
inoisiAip jaq^o aq) mojj jg^o )as puB 's^iBd aAij onn ^Qg ^^PI^IP 
fo piBi Smaq (^9 jo pjoqo aq) ^Bnba) ^g Jo auis iBin)Bu aqx ' 

•aajSap ^%}^ iCiaAa o) 
[Ojp aq) apiAip jjim *pauiraja)9p ^pBaj[B s^aiod aq) uiojj padda)s 
,5X JO pjoqa aq) pnba) Qg oi J^ ^^I^ iBjn)BU aq) )xa^ 

'saaj^ap ua) iCjaAa o) apjp aq) apuip {[iai 
aiqAi (snipBJ jno o) ^03 J^ pjoqa aq) jBnba) ^qI JO ^^]^ IBjn)BU 
q) j^o SuT))as ^q *pa)DasiJ) aq )xau ^Cbui saajSap ^)xis qaeg; 

*)aajJ03 
3 pamnssB aq Xboi )uiod aippini aq) a[qBjapisuoouT saAOjd 
3jja aq) ji puB *)oajjad aq )ou hiaa uopoasiq aq) *s)8ixa iCaBjna 
)BUT ^UB jT JOJ i )aasiq o) papua)ui ajB iCaq) qoiqA^ s)uiod asoq) 
lojj *iCBM qoBa jjo spjoqa Suipaaoons aq) Sui))as iCq 'spaaaojd 
[ SB 5[J0AV aq) JO iCaBjnaaB aq) jo pauiB)qo aq iCBui joojd y 
pBa oOg JO SDJB 0)ui apjio aq) apiAip puB ^09 ^p^^ )oasiq ({Iav 
3UB)Sip siq) puB 'oOg JO pjoqo aq) o) pnba aq ^|iav 'aa^^snipBJ 
) qoiqA\ *o5^ JO auis |Bjn)Bu aq) o) sassBduioo aq) )a8 )xaj^ 
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^^18 sq p[noi(s 'Esassns ojnsni o) '[[3ii[m 'sssdmoa-uieaq pspu 
/CptejTiaae uh uiojj uajjei oq pgnuifs spjoqs aqi joi|i8ii8[a 
'|>iiri[ [11 osodind aqi joj asaui^exd luspy^ns ifiiM psnuojjfl 
.n[ i(om uoiBujp oqi 'spjoi[D Jiaqj jo siiBawi /q ^o ptRjsjsia 
di{) J) inq 'iiMouq n^.w si ^[ajnanoae gpjw b SiiipiAip jo jCjpmm 
M<3mx3 aijj, •p3]3tiJiBii03 sq qsniu jo]3Bj]ojd 3i]j 'jsjg pnB !(»61 
K'jns ent|j S3|ijUB pue sauij ai[i ii.uop i^j o] s; d.^ie ]X3a si|]^ 1 

^ *iiDntu3<io « 

qsiijy ]|;m t|3U|« 'w o] q uiojj uajic] £]j3aiJ0j gem ss ainee ai 
oq ]]iM f oi U3>|B1 oiihiB pjVMJOj 3ip 'sj^jnooe kt 2{iom ajoqit af 
J! 'ajr-)[]M 'tu IK a.uiJB nn^ [ji] noiiBis 05 uopegs mojj paaaojdpi 
'* o] ujnjoj noqi t g uocin asop pa« 'oj dn ^dAiiis 't )b Suund 
! Bsut^ tioii»]s aqi jo i|3[ ptie iqStJ at[j oj Biasgo Sui^jbi pui '_ 
oijl HI puaq ijoGO i8 dn qiiauinJiBui aip "iiijias 'ajojaq soiaim 
oiHBB aqi ui ^sAjns 3i[i qiiM paaoojd puB 'o^ '/puB^oju ._ 
•nj 'stqi anop £uuBq t suousAjaGqo 3uid9aj31ui aq] jo Xsbjdsiik 
oqj XjiJOA (aaiiBisui aAoqB aiji ui sb) ](!» qaiqjA 'uodn aso\o 01 
sjqB oq aaynajan Avm noX bb qans oj iiJBjnoiWBd 'siaafqo snona 
-idsiioa aqi i[e o^ saiSuB a^ej 'y %'e si inauinjisui gqj ajiq^vi 

am Bnaiiangu; hoiidbjhb iedoi oa paB 'laaijoD [[v si ^jo« s'l' 
j[ ']sj^ IB pip i\ SB SuipBaj aiues aq} o] luiod os{k {{i« ajp^su 
-sfTBdmoa aqj 'uopBia manbasqns ifiiB ib 'neipuam painnssE siqi 
JO SuipBaj aqi 01 las Suiaq a]i|opoaqi aqi uodn pno 'paiaasiq *] 
gaafqo psxtj t|Dtis uaijM '» jb pajuu aq inui a|paau-ssBduioa ai[j ]" 
SuipHaj aqi 'AaBssaaaii 7i[Snoqi aq jt ji puB 'uBipuaui 3aii[iDM " 
BE pamtifiSB aq Xbui 'pafqo poxy a^qisiA jCub qiiji o juiod Sunwis 
aqi SupaauuGO am\ b sb '\p JB uBipuam aiiauiiBni aq-) a% asJtioJ 
-aj aABq o] XjiBBaaaw ou aq pjnoM ajaqi 'iionPin^UBiJi iq paxy 
^[stioiAajd ojaM '-a^ 'av 'sn'iod snonaidsuoa aqi ]o uoiiBHiis 
oAfiupi aqi jj •a|paau-ssBdino3 aqi jo juapuadjpui 'pan,raano3 
ajB Ba|SuB aqi m jbj os .CaBjnaaB sji jo jsaj b st pus '^jom aq) 
jfursop pansa si Eiqi : v uoiiBja aqi mojj y oj pa^aajip uaqM b9 
ouins aqi A[asiaajd aq \\\m siaiojaA oaai aqi jo SujpBaa eqi 'aa^j 
jfliaawoa uaaq eAuq B3]3mj SuinaAiaiuj aqi [jb ji pita 'paAJ9« 
-qo uaoq psq y q^iq** wojj 'o noiiBjs jsjif aqi oj adoasajai sqif 
la.Mip puu 'aiB|d jadrln aqi asBa|aa 'auop siqi IXbm [Bnsn aqi ni 
'iioiiBiB naeq B BB '£ 01 adoasa|ai aqi jaajip 'lods inqi uodn aiq 
-opojqi oqi SupBjd pUE 'uoiiB]s paBMJoj ■e 01 su 'y 'apd aqi oi 
a|3uB UB ainsEaui 'j jh paAUj^ SuiABq puB '-aij 'tf '/ 'a 'p suojiBis 
aqi 01 paaoojd .laiuiiiui siqi iij -ajl^uB pjuMjoj aqi ajnsEaui oj 
nojlHis i[,iKa in uojinjado isb[ aqj^ ■u«[d aqi uo iiiiod aiuBs 3 
rii i:)/isja]iTi ||n lou jjim sSui.iBaq asaqi 'pauinuai.ip /Tjiaajjoo 11 
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av buupF:(s i{9n8 JO suopBn:(T8 aAi)C{aj 9Vfl ji 'joj : ^^aaiqo auivs 
^ 0% ta^yf moij u^yp^ sSatreaq dABi[ £vm sb 'saoi^v^s jaq^o qons 
uopisod 9i\% JO iConjnDDB aq:) dAOjd o) s^aiod paxg 8B 8aj98 
ipiSMja^jB Xaq) pu« 'ireid 9i\% no suop^nt^is 9Apt3[aj Jiaq:) xg him 
pniM**o:y *V*"^P^s ®V'll!H ^^} ^^ aax; aq; sb ^;3a(qo snonaids 
-QCK) XiaAd o) sSai jB9q a^v:^ uaq; i 9]8ws pjreMioj )sb{ aq) Saipvaj 
ItniiinxisnT aq:| q^^iM nops^s i[9Bq aq:) 3ui:^3asiq 'pauuojjad aq 
isnn aopBjado ibijoiis b 'uop^t^s Saipaaaons ^aAa ys puv ^^7 ^y 

*o ^ aauu^sip aq; ajns 
^m piro 'dn :)as aq ^xan ^snin at^qopoaq; aq^ ajaqM 'a uopv^s aq^ 
o^dl^OBpjBMjoj 9n% aAjasqo '^psBj paB t saaBid aaq^o moxj snona 
-idsnoa aq i|im japisuoa ^boi noiC spafqo jaAa^^qM o% 'ajojaqsB 
poB U puB ta snopB^s aq) o; sajSuv aq^ aansBani puB 'a^^id jaddn 
>i|1 aseapi 'a|SuB piBMioj %sjs\ aq; jo iCaBjnaaB aq:> paAoad snq:j 
feiABjj 'ssBdoioa aq; jo asn tjuB^ioduij :jsoai aq; si paapui siq; 
>QB i :{joM aq; jo ssaoSojd aq; uodn ;da^ si sjaaqa ;uB;8uoa v Mit 
388i;oaainj;8aiaq; amp iCiaAa auop si siq; jj *uoi;b;8 ;89{ aq; 
^^lOM aq; auiuiBxa puB uan;aj o; iCjessaoau si ;i asT?a aq; si siq; 
9qM : pa;oasiq uaaq peq uopB;s 2[aBq aq; aiojaq uopisod s;i uiojj 
^Aoni aA^q ;snni d;B{d laddn aq; asja jo 'd{3uB piBMioj ;$«{ aq; 
ffpp; ai pa;;iuiuioa uaaq aA^q ;snui joxia ws *;ou ji 5 ;qSii si i\b 
9op 51 ji * xoq-ssBduioo aq; jo auij g j^ aq; q;iA\ ^aauB;sui ;sjij 
|) ui SB 'sapiauioa ajpaau apauSeui aq; ji aas 'oaaz o; ;i Sui;;as 
IB *a;Bid Jdddn aq; asBa[9j *a3B[d ua2[B; SBq aDUBqin;sip ou ;Bq; 
8 o; *SuipBaj aq; pauitnBxa SuiABq pire 'ajqissod sb punoiS aq:> 
9a SB j^B;saq; ;aasiq (5 \ dSisd) * j *MajDs uoi;oui-mois aq; iCq puB 
; Majos-duiBp aq;ua;q^i; ij[fB;s b p[oq ;snui ;ub;sissb ub aiaqM 
>i;b;s :>[aBq aq; mou si qaiq^) v uoi;b;s aq; o; pa;aajip si adoas 
a; aq; |{i; *punoi iCjipoq ;i ujn; i afSuB pjBMJoj siq; J^uipBai 
>uinj;sui aq; q;iM *q uoi;b;s pjBMJOj aq; o} v ;b p9;aajip uaqM 
\ ;i SuipBaj aq; raoaj poqin;sip ;sb9( aq; ui aq o; a;B[d laddn 
\ Suuajjns ;ou ^tiiuo jj A\9Jos-duiBp aq; asBajai ^q ;b ;uara 
;sui aq; dn ;9S puB ^q o; v uioij aoue^sip aq; aansBaui ;x9^ 

•JJ M9J0S 9q; iCq uopisod sn ui paduicp 
aq J9;jT? uoi;oui ;sb9^ aq; SuiABq uiojj 9\^\d |B;uoziJoq I9Moi 

;uaA9jd o; pasn aq ;snui uopnBO ;b9jS ^uoi;b;s ;u9nb9sqns 
Aa puB siq; ;b 'ssaaoid aAoqB aq; q^noiq; SuioS uj 'aiaq; 
UI ;Bq; spBOj aq; jo qoBa UMop ;qSis afqissod ;s9jouo| aq; 
Y\ o; noiC a^qBua \\\ja sb uoT;Bn;is b qons ui 5jc*punojS aq; o;ui 
Lup ;95[0id B uo *9sodjnd aq; joj jgB;s b pjoq ;snui ;ub;sissb ub 
qM '9 *uoi;b;s piBMioj Jtio.^ o; 9[Sub aq; a^je; 'iCpsBj puB i |{iq 
o pa;Bn;is aai; aq; sb *suoi;b;s J9q;o uiojj uaas aq o) -^[92111 

SB s;o9fqo a^qB^jBUiai qans (jb o; *sa[SuB jo 'sSuuBaq a3|B; 
lUBUi auiBS aq; ui asiMa2[i[ 1 5[ooq-pp^ ai[; iii sSuipBaj om; aq; 
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rp913%t3 .([asodind 3[od v m qjns 'isAJDB am jo siiuiii aiji n 
■ BiilliM laafiio snonoidsuoo luvisip iire oj aaooeajai sqi paiip 
'irio|'d laddn otn 3SEa[ai mo(J ('ei aSed aas) 'jj 'mwosh*- 
31(1 Suiuovi^p Aq uoijiaod i^qi u; paxg naqi puB 'xoq-Mr' 
am JO au'l S N ^H' "1 sjutod ^lypBa^s ajpaau siisuSsiu atj: 
inoqn'paujiii jiiauiiuisn! bjo^m jqi pue 'oiaz i» padm^p i 
]Biuo2uoq JSMOi puB jaddn aqj 'pa[|aA3[ ptro dn jas 3<^ ]i 
aii)opuai{i om 'jaaiu spBoi oahj ii3ii[m jb aaiqd am wan '» 'j 

»inon3idsuog b uo SupnauiiuoQ -uiBtja pue aii^opoaqi v ^ 
pouuojiad aq oj spBoj jo .CaAJns b ^uasajdaj nejd aAOqB sqi )a^ 



nv JO BQvatn /q uivjdxa oi JtiOABapua (g^H^ ^'^ 'uonsBJiO''" 
JO poqiaui aqi sb |jaM se 'asjaABjj b iq SuiiCsAanB o] aiijO'P 
-oaqi aqi jo uoiiBoijddB aqj^ -aSpa jmnaiis bji uioj; a|8iin atf* 
jjo Suiifloud ptiB ']uiod ni|nSuB AjaAa jb JOiaBJjojd aqjBiam * 
JO aiiuaa aqi SuiOBjd ^q sajSire ^o Sui^b] jo poqjam aqq ^q nBtj' 
'[(nuiB SI ajBOE aq] uaqai 'jojja jo aauBqa ssaf qiiM pttB 'ijipid^-' 
IBajS ipiM j[jOjW aqi qojd oj nninG^jBjp aqt ajqEua jjim jojoei* 
-ojd JO put^ siqi 'a^SHB ^aeq aqj jfq SuijCaAJns pajjea jf[iuan& 
-ajj Bi iBqM JO 'SuisjaABJj Xq auop ji jCipTiDadsa 'ureqa pu^ 
9ltlopoaqi B qitAi apeiu 'jCaAins umo] jo pBoi b tii sb 'paiioyi 
aq oi ajB ea[9uB Xubui jBaiS b uaqM puB i jaded aqj uodti 
OMop piE| aq osjB j(bui JopBJioid aqj^ -snoisuainip [BdiSuo 
s}i uiBiaj ja9ao[ ou X-am ji qSnoqi 'jo]d aqi sb uoisuedxa jo 
aiBjs auiBS aqj u] aq b^bmie ppioM e|B3S aqi se 'iiajiBa aq £\t\v 
-iiBAUi pjnoqs ^JOiU at]i joj siioisuauiip |]b a]B3S sup itiojj puB 
ijiasij jaded aqi uodn nA\op piBj ^lajBjTiaaB is-ig oq pjnoqs uBjd 

Ieqi JO a]Bas papiiajui aqj ]Bt]] os[8 pou 'a|qisBod bb ajniBjad 
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a>[Bin UBa 'auip jo ssoj aub A[a3iBas q;iAi ^jdAjasqo aq^ 'jojja o^ 
iC^qiqBji 8sa[ puB AqiaBj la^BaxS aq:^ sapisag -jp^s aq; jjo pBai 
puB ppq o) 6a3B[d Xi^anoa ajnasqo ui pajnaojd aq ^ouuBa siios 
-lad )uaSi[ia;ai i!puaiai]^ns ;Bq; 'suaddBq Xpuanbaijun :|ou:|i loj 
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B iV[iu)i)jvd[ aq o:^ pnsn :}oa si )i 'saopviado duii|aA9[ uooiuioo nj 

■ 'pduioud^iap 
m 9q osp [jiAk ^ods '^tst{% jo ^qSiaq dAp9[9i aq^ 'dn %99 si )i qaiqM %ts 
m mid xpiBO %'b U9yp% aq adoa8a[a:| SuiQaAai aq) jo aj^uaa aq) jo 

■ ponoj^ aq^ moij ^q^iaq aq:) ji 'osiy *pauiaua)ap Sniaq uopB^s 
I XidAd JO ^qSiaq dApiqaj aq:^ 'sajiui iCuvoi loj no paujrea aq iCvm 
I Aii];iaAa[ jo nopviado aq:) 'ssaaojd aAoqv ovp dumupaoo iC{[ 

; 'V %^ uBq:) jaMO[ saqani 9^.5 laaj gj 10 *:)aaj g<|^.gi 

^ H ^^ pimoiS aq:) :)tiq:) SMoqs suins asaq:) jo aanaiajjip aqx 
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(uoi')«:)s 3[DBq 10) 
jjB^s ^sjg aq; JO Suip^a'a 



— : snq; puB^s uaq:) jjim ^jom 
an; 5 ;aaj gg-Il 'pnooas aq; pne *;aaj fg.Q p^QJ o; ;sjij aq; asod 
-dns sn ;a^ *pa;a|dmoo si uopcjado aq; 'j^o ptiai Suiaq saA9;s 
aq; uaqM ^ajojaq sb 'suopvAjasqo iCjBSsaaau aq; Supi^ra 'pnoaas 
aq; o; naq; pn^ ^ff^s ;sjij aq; o; ;i ;oajip pn^ *iaAa[ anoiC dn ;as 
*raaq; naaM;aq /BMpira *naqx *a V^ s« 'nopaajip pajinbaa aq; 
ui no jaq;inj dn ;a8 aq o; pnoaas aq; pu« ^pnoaas aq; jo aan^d 
aq; a:^ ^;8 %siq aq; ;a| '[aAa^ ;sig aq; pa;aiduioa SuiAvpj 

•*9aj 86-6 ^q o^ ^«! 
-pvai oq; asoddns pne f j^o p^aj asTMa2[iiaq naq; ;snra ;i iadoas 

-a{a; aq; jo 8ajiM aq; iCq pa;aa8id;ni si aim ssoia aq; |i;nn 's«m 

januoj aq; sb 'pajaMO[ jo paspi aq an^A s;i ;cq; ;aajip pn^ 'jQv;s 

pnoaas aq; spj^Mo; ;i ;uiod pnti ';noqB ddoasa[a; aq; uin; mo^ 

*)9dJ Qd'f ^q ^^ asoddns qaiqM ^j^«;s aq; no aaiM aq; iCq pai[J^iu 

;q3iaq aq; a;on o; naq; si aq i adoasap; aq; ui sajm ssoja aq; 

JO noi;aa8ja;ni aq; q;iM sapionioa ;i ssoiaB paaB[d ajm aq; ip^^ 

*jaMO{ JO jaqSiq ancA aq; aAora o; *;i Snippq uosjad -b o; n^is pnB 




*j5b;8 ;8jg aq; spjvAVo; adoasaja; aq; ;aajip naq; *j5«;s qa«a raojj 
;ni3;sip iCjjBnba aq iC-eui ;naranj;sni aq; ;Bq; *;sjg aq; sb *aaaB;sip 
amB8 aq; ;'B pnB *ani| auivs aq; ui *noiC puoXaq jgB;8 jaq;ouB ;aaja 
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CU f ■"•) Q f 'lUs^oBi 3^1 iq uia^i nodn pa^qjvoi '[ pn» q "i^ 
JO fljaiod OMi aqi 'j pne _;) je oieis aoij^s sqi moi) imKil 
iC[|«nba ('dinSij icv] »t{i a»s) 'g )b p33«]d sq lusiunnsai aiji kH 
'Bni|x •4WB3 31J1J0 3J1UM aqi iaoi| juvisipmba osjb aq UW^'a™ 
'janiMqo »t|i JO 3.(3 »i{i moj} tmqfip ^[|enb3 pSAj^sqo sq lit^wr 
JO «iBlod 0M1 'lianas dmee at{) mojj ji leqi 'jesp si iiioj :|U9|' 
»nji piiB majcddv sqi nadM)^ Muai^p aqi SarpiBS^i inoifiiM I 
paenoud sq (bui poqiaoi siqi : 3ni[ [3a3| aqi jo ^[ppnii 3<|1 «< 1 
iCp3BX3 ti lasinoa JO ]iiiod aeoqAV 'lua^nvi b iq si *B3L3Gid 0*1 iu* | 
U39«idq |3«3| JO 39Udj9j}ip aqi Saraieiqo jo poqiaiu pinsn 3i]i 
'1^3j 0009 01 0(5 uioij a^oeisip £av 01 Sinpoodsajjoo '(aA9| iibi«1 
-dit puR dtui sqi uasMisq looj b jo sjEtupsp ni aoaaja^tp ail 
HMoqH qsiqM '-j a]qBX "! P^ureiaoa paindiaoa ns^ sabij inon 
•33JJ03 aqi iaaiiem siq] qj -jsas] ami sqi oi li aonpsj o] iiia>K 
-njisui aqi ^q qsaiS iqSiai^ aq] niojj papcjiqns aq O] 'dates 3i(l 
JO E|vuip9p ni jaAaj juajcdde pns anjj aqi jo saaajajip aip ]0 
mqiUBSo] aqi nmqo n"l^ ^** 'l*y "! jansjeip aqi jo uimuuSoi 
oqi ajqnop ppB 3« 'f 0fl88iS'S ■^"' 'lawuiBrp aqi jn raq]u^3oi 
»qi JO iU3Uia[dtnoa ]BD!]3HH(jue aqi oj ji 'asiAWaqiQ 'S]]m suo 
JO aaiiviRip oqt }v jsas] anj] oi{] aAoqn luajedde aq} jo iqSi9t{ 

31(1 Joj 'saq.iiii foo'g sj qsiqu '9[nn b jo ■^— ^ si sssa\o 

aqi iwqj '^lim ( fenba gg a^i^j isjg sm ji ! sd|int gigi Jo 
'P3j OSl-'Mi'l^ ^[JBau Supq qirea oqi jo jajDnmip aqi «ojj 

^^■satiBisip sqi JO ajBnbs aqj o] [etioiuodoid 
■^BM|v SI II ^puanbasiioa pus ^uea aq] jo jaiam^tp gqj ^q 
papiAip '«33B[d at[) uasMiaq 3;)UBisip oqi jo ajBnba aq] o] \mh3 
SI 'jr>A.i| iii^Jedds piiB atiJi aqj ii^'dMioq asuojagip aqj 'si iBqi 

'a3 = aa = :aa = DV6»<i ii!« "aqi uou 

-jodojd aqj, MOjaa afqisuas jnoqiitt iiopjodoid siqi ui (JO + 
;) V ?> ■'"J "•'"1^1 '""l '^""1 V 2 'spuaixa jfiaonrtnoa Sm|[»Aa| jo 
[lOMRJiidn im q^iqAv o] sa.iiiaisip (jb le '(j 3 aui[ aq] o] lasdsaj 

qijA* IB.uS OS Bi qjjH3 aqj JO jajauiBrp aqi 3snB33q ing ■q;^ 

= an:-an = aD + ovE '^p^p ^q* }° -Cwadojd hmodh 

■||JM i> ^q :«n[(] piinoj aq jCboi '(jg jo gg asunsip i(ub ib 
]nA.-)( itiajnddii pun onii aq] Ti3?A\]aq 'q 3 Mtiajajjip aq] moj^j „ 

-i[ijn.i aqj JO Bnipui aq] aAoqB aaaB]Kip jo ajn oq] jo iuboss 
aq] JO Rs93xa aqj o] janha s^nugR ei 'jnapua et ij 'aousja^ip aqj; 
■ojff 'o in loqi 'HO 'd 1" ItSjai JO ""^^^a ^11 SI ^'^^ OKI'S 
(ifJ ONiTiaAaT (JO 



f JO anil 3IJ1 lOg „ m 

piBOoa ! qiJV9 sqi jo sjiii^o 3[|] 'y uioij iiieisip ^[[iinb9 
*iii!Ocl sij (|E s^n qaii^M '9 J a I auij at|i su : ji oj lonBiHtl jq 
ltBs[ ]G JO 'sjuajajuinajis s^quBo jqi jo ijud s dif)'''' PU" '^Ajno 
C Ml isnui 3ui| tcqt 'punoi si ipisa aqi asnBoaq 'aj(i»{{ -[.u.}) 

q {0 9UI( B p9]lR9 SI 'SlJvd S]! J^n UI 9J1U3D )sqi UIOJJ lUSlSIp 

Rioa sni] s pnB 1 qijsg sqi jo ajiaaa dqt moj( j^qiini si ii uoqM 
& JO )ai3i dqi SAoqe jo 'Jsqioue uEqi JaqSiq Gi 33B|a 9iio 'os|y 
Trca aqi jo ajjuaa aq; inojj jmtjsip iCji^nba 3jb isqi uaqM '|aA*j 
J)B UO ajGBd3«[d aiom jo omj, 'jaqioue oi isddedj qijM 33B|t( 
to JO qidsp JO iqSiaq dqi suiuijaisp O] 'euoiibis ajoDi JO alio le 
~~ loq sqi oi [SjiGjEd aui\ u Suipuij jo ijv aqi si Sui][i9A9q „ . 
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•juraqs 3ip«i JO 33u^]Gip sqi jb '[3A3( qoiii-uoaimoj 9 Xjno 
H ^)3 ^qi pesj 01 X|i33jjdd 3[qK ojaM sm 'padsBiid sj^m ^m 
A at suoi]BJddo Suq^sAS] ai^i aiuos ui puB '[iijssaaonB Xj9a si 
tDBAiJiaoa o[oqM 3qj_ -apis qa^a uo lop laniq snonstdstioa h /q 
' (HqKinSurjsTp Sniaq sqjuai SAg JO jooj jfBq ^aAa *t(jpBSjq stoqAi 
aip panujiaoa 3jb jaaj jo si^itiai Suijotiap sauT^ aqj 'Bsaina'ijisip 
Joj inq ijjvis aqi jo qipeajq aqi jjnq 3ui^dnaoo pun 'aiiqiw piiu 
^3e[q pajnO]03 f[siBnjai|B 'looj « jo aqjpajptinq oiui paputp bi 
ili3u3i aio^M 3i]j :po.i SuiqBy e jo Jauueui sip J3]JD Buiiijamne 
'.ioq]o3oj paiiiiof '3iit>[ jaaj iiaajiiaAaB jpis n uijoj asti joj jno 
pauado naq« puB 'jauuBUi jBau b ui aSeuiEo joj jaq]a3oi ifDEd 
qaiqu 'sijcd aajqj jo sisisuoa jjejs papnj]suoa-j(|Mau aqj_ 

■psEipBjd 
^ipjssaaans Mou s; qaiqM 'jiaEuiiq jjhjb oq; pcoj pjnoqa jaAJosqo 
aqi iBqi 'pasodojd xxvAVHf) 'Jj^ 'B3ii[nag(ip asaqj ajBiAqo oj_ 
'jsaj jBjaAas jo jojja a-e paanpojiui qojqM 'uMop apisdn jbib 
aqj p|aq iteiu aqi iioisbddo auo uo ^Bqi 'pauijojui uaaq aAEq a/A 
pim ! isjjj ]B UBqi aauapiauios uiojj jaqijnj auBA aqi aAouiaj ']i 
laajjad oj iduiai]B sjq u; 'pjnoM aq '3dooBa|aj aqi jo iBqi qiiM 
apiauiOD 0% auBA aq] jo aJiAv aqj jqSnojq ,([JBau pBq jap[oi]-jfBgB 
aqi 'b]bu3jh jo iioissaaans b ^q 'iiaqM ]Bqi 'bbab^s p[o ai[i Suisn 
IK pauaddBq .(piianba.ijun lou ii joj ! ^io» aqi iii iiopipadxa 
— ' I j[)inniJaa .lajBaaS Siiijnaas STiqj 'sesod.ind [Bauanad isoiu 
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iOl qSnoaa peoiq apmu er jg^a ^sv^ jo aaej aqj jnq 'ouonj 
I'd!! spija oi and on SABq <^3qx '^^" f^iauaS o^ui soioo oi £j 
ucaddv «ou qsiqAi 'jj^js-Sniqaisf jo pui^ man v asn umo sii] M^V 
|>913nJiGii03 pBq '-bsy 'ixvAVHO wvmi^ 'o3b sjsd^jBjaAdg 
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■_0O 3ii|{TG3i m iijiioBj ja^cajS spjojj^ qsiqAi SDTre^snins 
■ira B 'punoiS aqj inojj laaj jnoj jb puB 'ireuojiBis SainiBiadJ 
uoisiAip xapui 3[|i 'j^GiB aqi jo apis aqi ■)« st 3ntpB3i aqi 'sdaiB 
j3He[ aqj uj -poj piiqi stp uodn puoaas aqi ^uipil^ ^(jBjinns Xt\ 
paciBjqo aq ieui 3Aj3mj oj jBqi uzojj pue ! laaj jqSia oi dn auna 
sqj j(jiB3 ]]tM siqi 'ji pniqaq ^ia]Bipaiurai si qaiqAi auo aqi uodn 
dn poj siqi 3uipijB uaqj poe 'juoij ut poj aqj jo ijraiuns aqj je 
11 SuiABa] iq pajoaj^a si pafqo aq? ';aaj jnoj ucqi ^qSiaq jajcajS 
B oj posiHj aq auBA aqi jBqj sajinliai tiouEAiasqo aqi naq^ 

'Q OAoq^ saqam jo jaqmnii leqi jb aatiaatmoo snoisiATp aqi 
jaqiBj zo 'jjBis aqi jo luonoq aqi uiojj^o qna si 'q v 'aaoBjsip aqj 
oj i[i3ua( ui [Bnba aoaid n 'ajojajaqi Sjfcis aqj jo SnipBaj ai]i 
ae]oiiap (pajBis ajojaq sc) o jb a3pa pa]pAaq mn uo aui[ aqj^ 

■ajnSg aqi ui UMoqs 
SB 's3Uiniaj;xa lEiuoziJoq sji qSnojuj 
sasEBd spjoM laqio n; jo 'a3na20[ aqj jo 
S3|2uB ajnoB aqi siaastq adoasapj aq] jo 
ajiM [Binozuoq aq; ]iiun 'UA\op jo dn 
pDAOUiaqqsntuauBAaqi 'SuTfyaAafnj 

■repaipuadiad 

i; 2u]p[oq tii jubibisbc aqi apinS oj *poj 

qsotujapoiq aqi jo doj aq; o) paqoBjiB 

SI pAa[-iuids JB[nEiJia y "uojiaasiq jo 

AsBO ouo pnB 'loafqo snonaidsuoa b aauo 

IE Sninijoj 'iCnoqa jo aSnazoj piBitn nc 

i]liA\ '^ijoq ajiqAi jo apnm si auBAaqi 

jo'aaej aqx "'^^is atn jo SuipBaj aqi 

sajouap apis pa[[aA3q aq} no aur|^ b pire 

paipAaq si qaiqM jo apis aiio 'ajnijadn a.iBnbs v a3pa jaAvo] aqi 

?B SniABq 'jB]najT3 si auBA Soipqs aqj^ 'paquasap uaaq iBnf aABq 

qayqM asoqi bb ''o^ 'jaaj ojiii papiAip aj» ;Caiji puB 'Sao[ laaj jnoj 

inoqB qoBa 'XuBSoqBni jo spoj Suipqs aa.iqj jo isisnoa asaqj_ 

■saAvis-DNmaAa^ s.NOXH9nouj, 

■OMoqs ^iiuas 
•■ajd aq |[]M uoipajjoa s[q] Stitinduioa jo poqiaui aqj, '[iJiBa 
aqi JO a.iniB.una aqj joj pajaaijoa aq oj sajinbaj 'jflajS si juatir 

is 'saAyxs sxiTisAaT 




sanvA Jiaq; jo si^qSiaq oq; jo aouajayip oq; :[oa.)| | i 

-juids o\[i JO apis qDB3 uo saonv^sip jcnbo iis dn jos ^.^-.^ ^ 
9q pxnoqs iCoq^ '*pasn ojb saAU^s oq; q;oq uoii ^v I ' ' I 
-aovrd ^tnp t^v pnnoiS aq^ aAoqv laAdf ^uajcdau oi\i Tj 
JO ^qSioq oq) si 'j^)s aq; uo pa^ou 'ainsA oqi ui ajLw ^ 1 
aq) JO* iqSiaq aq^ 'adoa8a{a) aq; jo ajiAv [B)uozijoii ^ 

aq^ q^iM 'spuodsajjoa ajm-ssoja aq; {i)un 'juinsissv oi[\ M] 
paiaMoj JO pasivj Sniaq aireA siq) : ajn% paxauuu aq) m iLwoqs 
88 'ax^naa aq^ ni a{oq aJBnbs « ssojac paas[d ajiA\ n q)i.%v ^lUL^i 
9iiipi[8 V aAvq pns 'sq^ua; pire ^saqani ')oaj jo <sq)pojpiini| puu ^a.ij 
o:(in papiAip aiB iCaqj, 'paiinbai si q)Sua[ o[qujopisuoj u«)i(.u 
)no' UAiBxp Suiaq jo afqcdva 's^Jisd oa\) jo ^sisuoo .Caq:) t \a.\o\ 
-^uids aq^ iCuBdmoaav Ai[bi9U93 8dAv;s-uoi)e)s .Cuuf?oquui oa\ j^ 

•S3AVXS oNmaA3T am jo 

•po;«odoi ^m3i{ 

paau laAa ^[aaavas |{iai ^uoipnj^saoa s^xxvavho ^jj^ uo s\9\,i\ 

uodn pauMOjjad aauo uaqAk 'Supciuinoa jo iioquaddo o\\j[^ 

•uni sji JO aj:^uaa aq^ o^ui a|qqnq aq:; iJuiiq o; aqnj-o|qqnq 

aq^ t^snfpv qaiqM s^nu aq^ jo suvaui Ac[ 'iiDi[\ pun '^(.^ spvoj j 

)8 jgv;8 aq^ [pun '8Maja8-a)8[d ia[[i;ii3d aq) jo siiuoiu iCq odooso|0| 

aq) JO paa :|aarqo aq^ asrej o; st 'auop aq o; siitcinaj %m[\ ny 

*iiop9aii][03 

joj pa^snfpe mou si adoasap; aq^ *8^*0 = iO-O X V **" P"V 

'•88-0 = fS' I — gl-S P«« '10-0 = i;i.() — ?;«.() A\<^NI 

•fg-l *3 uo ;Bq; puB 'gi-O ouuj.Mq 7 110 >fiiipiM.i 

aq^ *lO'f panui^iuoo o :^b Suip^aj aq; 1S[iqM *spn.ii a\.»| v .imj V 

•:> JO ;m[; qi.in()|-.)i!n y |u .lojjj 
aq:^ a:|8Ui o:^ iC|no aju aA\ '{aAa{ jo jojja ^^nt^ac oi]) >f(iii.).)pi.)u puu 
^adoasa^d) aq:j jo pua OiCa oq; ;« SAiajas popvoq-uwisdui) o\[\ osii 
^sniuaikk (*^[uo asodjnd stq:^ joj ^aapo^id jaui joj o; iCaujiiioo pojaq 
-mama J ;i aq puB) *Joiia siq; Suipajjoa jo asod.ind oip joj 

•o[qqnq oq:^ o:^ anp ;ou 
||.0=:t8*0 — 96'0 J^ 'aiojajoq:^ *iojjo ub si ojoq; *i^]uo .jg-O ~ 
I^-O X f ^'^^ '9 ^^ ^^ :}BajS SB sauip jnoj o(( o; ;qSno iv joua 
Qvp, ('^uam^snfpB jo spoq^am jaq^o ^jb ui pasoddns si sb) 'jojia 
ui iC|uo a^qqnq aq; aaaAi *mou iqq.q ^0 ;b jojja aq; puB *|g.(] 
Suiaq q tjB jojia aq; ^spjBMdn s;uTod ajoja.ioq; ;u9uinj;su5 aqj^ 
'^VZ P^^ 28*0 A^Apaadsaj uaaq aABq p[noqs puB q uo sSuipBaj 
aq; 'IQ.^ sbm o jjb;s uo SuipBai aq; uaqM *(papn[oui aiB uoij 
-DBXjaj puB ajn;BAjna mja; qaiqM japun) 4uoui;snfpB 8;qduioa ui 

sxNawaHisNi onmaAai 9S 



f QO nvis 9i|l (i|3ed tuojj eoiBija aajqi) 'j pott 9 sa^^s ai}) u. 
-aq jft« j(Bti m^uinjiBui atji iuiDGid 'fg.g peaj ,g jo ^ ao jqil 

■aijKVxa 

d3U7)8ip ^us joj 'uotpe^ai [Giuozuoif pus 'ajnivAjno '\9m\ ioj ' 
'luamisnfpe jiraij^sjd ^i^iduioD m aq aiou ||Ij» )u9ninj]sui aqj^ „ 

■uiu F]' JO Mjnaa aqi ojuiajqqnq 
■aqi Suijq '3qnj-a[qqnq aqi oj paqaenB Euajss aqj X'q 'AiO^ „ 

■aj)Bjsoqi uo a PB3JOI 
3i3a-9is[d ]3[{«jvd aqi jo suesui Xq luauinj^sui aqi isnfpy „ 

- g jCbe 'an|ejt b isS au g o] u^ib Jddaid 
B]tqiiM (^v — ,-.V) SfippB uaH' ',.,V spBM 11 ^bs 'y '_gBis aqj peaj 
*)U3uinj}Gui sqi SuiAouiai inoqiiM '3|qqnq-iuids aqi isnfpBoj, ,, 

-uoiiDuiij[03 joj paiBofps 
aq (fiM luaiutuiGiti aqi uaqi pus fas^o aqj aq qans [iiun 'aJiAi 
JO *aui[-japidB [S)uozlioi{ aqj ,fpuanbosno3 piie 'mSBjqdBip aqi 
IBnfpB i]»l\\k BAi3J39 Sqi J3]|B "HOU JE inq ! [( V — ^, v) — .ff— -. a] 
j; lEiibj aq ( y — y ) — ^ — jy iquno usqi 'a puB w uaaMjaq Xem 
j|Bq ^q '9 a?|i!)8 aqi ji 'a\o[j ■ q g y 'sSuipcai aajqj asaqi 
]{K3 .''j'lj <0 'ga]fB)fi aqi jo qaeo tuojj Suipsaj b ^aS 'Xpaajjoa 
940UI !(Bjd8 oj 'jo 'sgais aajiji [[b puaj 'niauinjisui aqi qjnisip 
]ou op no^ jBqi aas 01 jf|ai3ui afqqnq aqi Suisu 'pue *y puo^sq 
utmp V j\Vf\ ius 'aDUEiBjp jjoqs ^ub jb luaiunjisui eq; 93B[j „ 

■[SAaf anJl 31UBB aqj ui JO 'aj}U93 
Sji]WBa aqi luo.ii jUBisiprnba '.3 puB '^g ' y i^s 'siuiodaajqiiaSau 
'3 uo SdipBai aqi 01 (n2iR jadojd s^ qiiM) g uo SAUipsaj aqi 
}'> asiiajajjip o[[i J^uippB j(q MO^ '(uoiiBnijE iBqi oiui paAOUisj 
8<iiaq 'y p^|Ka 'ajojaq auo aqi) ^b;s [[b3 qaiqM 'a ai|His sq] no 
pii?B|d jyujE^ oBjG psaj pnc 'g jj u}b ai[] J50 psaj areSy "a pa« 
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paMdaas SI ouo aiisoddo b^i agiqM poAiaiasun aq isnui auo '. ^jaiBU 
-aa]]B jiBif ipBa joao odoasajaj aqj SniSuuq (51 eSvtl) ''a^ 'q q 
'BAvajas-ajBld |a]]BJBd aqi Xq jaAaj jas aq lanm qi 'sjjusa bi; niojj 
papuadsnB Di]i[-qiiiii]d aqi jo sueaui j(q <u3}{B1 aq o^ ajB 5a[Sus aqi 
oatiai{M uiojj uoiiBjs aqi jbao jC[iaBxa paa^jd Suiaq luainnjisut 
aqi isqi 'aAjasqo aM 'soueisissb sir ^q sajSuB SnunsBaui jo aau 
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}pued aoijoaiip v ni jcq jBiuozijoq aqi 01 paqaejiB 'cy 'atqqnq 
ii\is aqi auuq 'siqi qstjdmoaaB oi :pA3^ luauin.ijsui aqi las 
I ']9J^ : luatutuisui Eiqi jo BiuauiisnfpB aq) aiB Suimo[]oj aqx 

"aoBid [Eiuozjioq aqi uiog 'paAJasqo 

tsafqa aqi jo uojssajdap jo uoiiBAaja aqi aionap \[m sSatpcaJ omi 

aqi JO UBaui aqi 'apBtir si uoiiBAjasqo we uaqAi 'aABq JCbui 'sajB 

paj^npBjS aqi /[laanbasuoa pas 'adoasaiai aq; uoinsod jaAsiBqM 

^^qi oa 'uoiiisod ]BiiioziJoq b ui las aq iiea xapui aqi t{a]qA\ 

^Kk '%] 01 paqoBliB '-y[ '|aAa|-iiJids « scq ii pua 'j j 'sjataiaA oMi 

^^^U^a 'ajinaa arans aqi aodn 'xapui uy 'sire^d [eaiuaA b ui 1; 

^^1U 3AOIU 'adoasajai aqi 01 psqasiiB Suiaq ptiB 'ojinao iiaqi bb 

BiXB iBjQOZUoq aqi aABq qaiqM 'jj 'u 'sa|aaia jo bdjb omi uo^o 

psaj aiB sa^SuB (EoyiiaA aqj_ 'auBjd piuozijoq oqi 01 bixb aqi 

SuiisnfpB JOf paqsBiiE st 'g 'laAaj-iuids b qaiqAi 01 '^ 'jBq jbiuoz 

Ioq lB[f B JCq 'opis qana no 'ajiuaa aqi wiojj ino pauioa '(ajnSg._ 
J n; ajqisiA Siiraq '(J 'uioqijo auo f (no) 'si.ioddiis mo\ nodn isaifl 
'BIMSlimiJ^SNI OHIAaAUnS t^U 




•pasn aq iohotsd jjejs ai\% o,i3I]M sttnijuniis n; 'jjoddns jaqio jo 
isdej^ 1? iiodn pssegd puE '^Eis aip jo doj ain xnojj paSuSaastp 
aq f]isi!3 HUB i; iBiji 'sr puT!]s poduj oij] jo aSeiaBApB leajj) 
^1X 'SI 3^^*^ 1^ pajuasajdai 'aiiioposqi ai]] jo jKt]! oj jB]ttuis 
SI ii3ii|M '^eis dip JO do} aq] iiodn ^juug luaiuiuisin 3[oi|m aqi 
SQiinsj 'Suuds B ^q uodn papB 3nioq puB 'aSirey aqi J3ao s}|3D{ 
aiBjd jaqiouB 'pssq-jjEiB aqj iiodn paxy 35B|d jEfuSuBu^ b ucdn 
ISM iCaqi usqtt leq; os 'uiaqj uodn (.i3p[noi[s jo) aSuHp b aisq 
puB 'spjeMTi.uop patiin} sje siasioS'^ooj aqi jo spssq aq] i podui 
aqi ihjoj qoiqu imxo aqi jo Xiiniajixa qsoa ib Maias-iooj e ssq 
'luauinj]sui aqi jo pUB^s aqi suijoj qoiqM 'iioddns podixi aqj_ 
I "aiq^ Sapcadaj « pajjca 

I 'pa^is JO piijn jBjnaiiiBd v jo sueaui ^q 'uiaqi uaAiS SupBodaj jo 
JdMod aqi aABq 'pajmbaj uaqM 'ea^qopoaq] aSsw^ •iiOAoqs xapiii 
aqi se 'ssauuug qanm sb qiiM pajtiaas pue '^aBai]ap amBs oqi 
qiiAv paAoui aq ub3 'q 'Majos-inaSuB] puB duiBp b ;Cq patuaAoS 
puB 'g 'jjoddns poduj aqi uiqjjAv a[qBAOni 'ajiuao « o; paxg 
A|aijg Saiaq qoiif jBjuozuoq aqj joj ! ajSuB ub jo inaniajiiBHam 
aqi SujiBsdaj jo jaMod aqi objb sBq jaamnjifiut aq^j^ ■paAoui 
aaaq s^q adoasaja] aqi qaiqu qSnojqi S[3ub ^qb Moqs 'sj^naa 
auiBs aqi uodn Suituni pue 'adoDsa[ai aqi ^jjes qaiqM si[iom 
laddn aqi qjm paiaauuoa ajB asaq_£ 'uoiioui mo[s joj Ava^as 
-fuaSuBi B puF 'qmq [Biuozuoq aqi jo aSpa aqi oi xapui aqi 
tiaiSBj 01 duiBp b BauxBa qijuoj aqj pnE 'sa|3uB pinozuoq aqj 
SuipBai JOj 'uiaqi jo aajqi jo saiiiiuajjxa aqj ib siaiujaA 8iiiABq 
'p 'o 'q 'v 'Hjnq 3ai]BipBi jtioj q]i« pauijoj si xapni aqj^ ■aarisjaj 




pun aq isnui qDitjM 'siuaiuisnfp'B sji jo sjG]nDniBd am qijA ' 
'jaauiTLqBui JO pni^ snii jo SuiabjSus puu uopdiusap v 3ai3 ajsq 
jjeqs 3^ 'jauuGca auiBS ai^i ui apotu ojg s^uamjsnfpB pijiuassa 
Jrai|j JO a[0;)M am ipuanbasuoa pun 'siioisiiaui;p ja3jB| i|3nai jo 
S3}r|opoaq^ ai|i o; jEjimts ajB jTaiji ajdiouud gj -faAjns UCTpil{ 
]S9jS 3i[i joj 'swwig puK NOXHaaoaj_ 'Bjssaj^ £t\ apuoi uaaq 
j(|aiE| aA^q 'J^uiqijosap iiaaq sabi{ aii qaiqM isqi uiojj: uopaniia 
-U03 111 ifiquJopisHOD Suuajjip *s3]i[opo3qi ||suib {sj3A3s 'Bipuj 
JO [Ejauag-JoXsAjne 'xsaaaA^ ui-pjdGQ jo uopsaSSns aqj jy 

•pa g [133 J puB 
pajsajap aq Xniu 3Brre3 erqj luojj Suisijh- jojaa .Cub 'dn 13S st )uaui 
-njjsui aqj 3jaqM a3B|d aqi je uopajado aqi Suijnp 'aiuij oj auiij 
wojj uoqaasiq aqi SniuiiiiGX3 ^q puG 'pains«aui ajo s3|SuG jo asq 
-uinu iuB js]iqA\ luauBUuad uiuuisj ]]\ja Hopaasiq aqi 'Xpsais s[ 
luauinjisui aqi ji ! uug )i dmE[0 puB 'adoosaiaj puoaes Biqi jo 
saJTM-8Soj3 sq} qqiM pafqo a;ouiaj ^aA amos ]3aBiq ')U3UinJiBui 
aqi 3ui(}aAa[ Jaijy 'Jauirem gutAvoi[oj aqi ui ji iq aaop aq 
£vm qaiqM 'SniAiasqo ls[iqA^ luauinjjsui aqj o% jn33o fsra ^nqj 
luainaSiiBaap jBiuapiaaH jCub jaajap oi bi ssn si] : uouotu /ao\s ioj 
paqasjiB Avajas-iuaSuEi e BBq puE 'auB[d [Gjuozijoq puB ]EDii,iaA v 
ut qioq 'paAom Suiaq jo sjimps ]i i quiq |Biaoz[.ioq aqj qiB3n3q 
gu3iuQjisu; oqi ofl poqDBnv Rauiiiauios si adoosajaj puoaas y 

■ajB [BatqjaA aqj jo jaiUjaA io 'aptijpiB jo 
oaaz aqi SuiiBnfpB joj saAJss ■adDDBaf3i aqi jspun bi qaiqM jBip jo 

■BiNaKnaiSNi ouiAaAuns OS ■ 






oi U0I10QI 3iiiAi3 fq ps)33g3 si uoipauoa eji puB f^Bi 
uoi{ ]ou St six^ 3[|i isi]] jODjd V SI )! 'uop39^3i £q pne ^poa 
qioq 'ud38 issfqo sqi in;) lou op B3itM-esoj3 sqi 'adoast 
aq( oj iiSAtS s[ uoijoui [BajliaA b usqu 'j; pire 'p3[[aAa| /p: 
-J03 Xj3a sq )U3iuni)sui ai{) ^aq^ ■J9&^s3f3inb lo [lo jo 'Jantj 
81 iBijM 'ao 'jajB* JO Uifiuq B niojj 'aotiasffdi iq puB jCipaj 
qioq 'adoasapj aqj qSnojqj uaas aq ^bui SuTp[inq pajBAa 
UB JO luiod snonoidsuoa auios leqi uoiicmis b qans ui aiii« 
-oaijj aiji dn las '^aBjnooB sii aAojd oj^ 'BAvajas as^qj jo suaaui 
j(q apBoi El lUaiuisnTpB oqi ladoasajat aq] jo uoqaajip aqi iii 
piiqf aqj puB *stXB ]Bjuozuoq aqj oi [aj^BJBd Sul([ inaqi jo omi 
'3|3uBiJi |HiaiB]mba ne Sniuijoj 'sMaias papGaq-nB^sdsa aajqi 
■Jxi quiiI aqi o) paqOB]iB si aniejj aqj^ -aiBid [Bjuozuoq jaddn 
'vm oi 'ajn^g JDO UI paiaaeajdaj sv paxg Suiaq jo psaisui 'xoq 
'•■BSBduioa aiji sauina os[B qaiq.u 'ainejj }no]s e o% paqaEije ajc 
'q; puB ^ 'sijoddns aqj 'sano iaSaB[ aqi ui ^nq 'noijanjisnoa jCq 
auop et siq) sitiauiiujsui jafjBuis aq:( uj -aus^d jsaiijaA b ut aAoiu 
Oiv papaaa paB adoasafai aqi SiiiJjBin 'asjnoa jo puB 'sixh jbidoz 
-ijoq aiu SuiisnfpB jo suBam aqi pJO^B oj 'qcuq jBjuozuoq aqi oj 
(51 aSsd) 'rj puB 3 's^joddns aqj SaiqacDS jo jauQBiii aqj tii puB 
'adoasa|a] puoaas b jo uoilipps aqi ui Supsisuoa j({|Bdiauijd 'uoii 
-aiuisuoa aqi ui aaB[d sa^jBi uojteuba jjEUia b 'azis jo asBajaui aq; 
I'JAV '^^" paiBiipBjS ai|i jo uoisiAipqns ajntnoi ajoiu b jfq'pin; 
'jaMod jaiBajS jo adoasaiai b SuiX|ddB ^q 's)|nsai aiBJiiasB aioiu 
qsiujn) 01 )uaiunjisut aqi a[qBua oj s; 'suoisuauiip aqi guisuajaui 
JO taaiqo aij,^^ -uoiibis oj iiotjBis uiojj paujBO i]tsBo aq oj amos 
-jaqoina puB .CjqgiaAi 00} saiuoaaq luaumjjsui aqi puB 'Suojib 
puu a^JBi X]fjEUonjodojd apBUi aq isnin sued jaqjo aqj 'pasBaja 
-UE ei jaiaiUBtp aqi uaqAv ^nq ! saqaui aag epaaaxa uiop[as quit] 
ptuozuoq aq] jo jajatiiBip sqi sb 'XABaq .(puaiiia&iioom ^ou si 
'paquasap eABq bm jauuBiu aqj ui paianjjsuoa eb 'aji[opoaq} aqj^ 

•apnin|B 
JO ojaz JO 'jaiiuaA aqj jo luauiisnfpE aijj ui jsixa i^eui jBqi 10119 
Xav JO siaa^a aq} luojj aajj aq jsniu 's^j^ sii ui pasjaAdj adoas 
-a[a] aqi qiiM ua^B} euotiBAiasqu jo jaquimt |Bnba £iib jo uBaui 
aqi aauis '^aq aqj f[pappap bi sa[SuB Suiiiasqo jo poqiaui b 
qaiig -jojaa xapui aqi 3uiaq aauaiajjip .iiaqi jo jjBq auo 'sjoua 
aijBoddo puB |Bnba aABig |pu sSmpsaj oM) sqi : ajB^d jainjaA aip 
puB adoos3[ai aqi jo qioq 'auopisod paejaAaj aqi m uoiasajdap 
JO apnipiB UB JO iiopBAjaEqo aqi SupBadaj iq pauiuuaiap isaq 
SI uoilBisap Biqx 'paAjasqe ojSub [BapjaA qasa 01 'stiuiui jo snjd 
'11 i[ddB puB 'jojja xapui tiB sb uoiiBiAap jo .Cljinunb eqi ojou 



9i%i io% pdpu9^;e aq mou Xbui ojb [QOU-oa aip jo jdiiuoA oqx 

'8daB[c[ Jiaq; ui uidip ua^svj ipiqM smojos aq) o) 

nopocD i^oiAiS ^[djdin ^q 'sdqn^ Jiaq; jo dfppiui oq) o) ^qlSnojq 

oq Aism *9;v[d janudA aq^ uodn paxji sajqqnq-JiB jaq)o aq^ 

't^Udmajqsai aq) uodn aiqisuas :)soui aqi si i{oiqM '[OAai adoosaia^ 

aq) JO soBain ^q sa^vid-qmif aq^^ pa[iaAai mou 3iiiABf[ '[t?)uoz 

•uoq )i %9S uopom Jiaq) Aq puv 'sAvaids-a^Bici [a|;|«jed om) aaq)o 

\ oq) jdAO ai| ^vm adoasdja^ oq) )«q) '^\ piUAV^iaeq jo pjCA\aoj 

» qmq jaddn aq) am) O) suiBcaai iC[uo )i 'qaiqM auop Suut^q i oib 

^ pK>i)iaA aq) jo iiajas-)uaScre) aq) Suiiiiii) iCq 'ddo3so|0) aq; Sui 

•fisaidap JO Sui)BAa[a ^q 'ncq puB '8di[ adoasaja) aq) qaiqM jaAO 

8MajD8-a)B[d |a[{eivd aq) Aq pa)aaiJoa aq )siiiu aauaiajjip aq) j^cq 

'dsiMiaq)Oji)nq Suopaajip )Bq) ui [B)uozuoq si quii[ aq) 'aippiui 

ai{) o) snin)aji oiqqnq aq) ji 'uaq) i upuisod jamjoj 8)i uiojj 'oQSl 

81 )vq) ^pnnoi ji^q quii][ jaddn aq) uin) mou i j Avaias aq) ^q 

'aqn) aq) jo oippiui aq) o) ^adoosap) aq) lapun |aAa[ aq) jo afqqnq 

9vp Suu({ uaq) S SMajas-a)B[d pipusd aq) jo om) jdAO si adoasa[a) 

aq) ([[) )i OAom )nq 'iC)jaqii )« quiq jaddn aqi SuiAva^ 'j]^ ^duiBp 

pvaq-j^s aq) Xq quiii iV)uoziJoq jaMO[ aq) jo dJ)uaa aq) ua)8«j 

^9^9 aq) ^q auop aq UBa sb ^aAa^ ^[JBau sb )uaiunj)sui aq) )ag 

*Ivai)jaA ^pij) 'qraq p^uozuoq aq) jo sixb jo 
'spre [eq)nni!ZB aq) sa^Bin qaiqM )Bq) si )uaui)snCp« pjiq) aqx 

*pa)Badaj 
iCi[njajva aq)snai uoi)Bjado ajoqM aq) 'jauuoj aq) aSmsjap p[noqs 
)adui)8nfpv ja))9[ aq) Sui^ui ji *6 )« sMajas |Bja)B| om) aq) 
Saiujn) XjBssaaau ji puB 'uoi)'empui ub qans {aAa{ aq) SuuiS Ac[ 
pa)aa]^a si qaiqM 'acfoasaia) aq) japun iCia)eipdiuuii uopisod [busu 
8)1 mojj apis jaqtiia uo op)!! b pauipui uaqM aqn) aq; jo ^ippiui 
aq) UI niBiuaj iCBUi )i )Bq) *^|(bj9)B| pa)8nrpe aq pjnoqs jaAa^ aq) 
*os ^[a)aiduioa )i a^BUi o) )nq 5 )aajjad 8i )uoui)snfpB aq) [piin 
pd)Bdddj aq )snui ssaaojd siq) : j *Majos-)uaSuB) aq) ^q jiBq 
jaq)o aq) puB '[dAai aq) jo pua )Bq) sassajdap jo sa)BAap qaiqM 
^Majas aq) iCq 'j{Bq auo iiauq )i Suuq *pua auo o) saapaj )i ji 
)nq 5 )qSiJ si lye *aqn) aq) jo ^ippiui aq) ui uopBn)is jauiioj s^i 
ouinsaj ajqqnq aq) JI puB *djb ^BopaaA oq) qin^sip )ou ^Cbui )i )Bq) 
'^|[ii)ajB0 auop aq )snui qaiqAV *pua joj pua )i uju) *si )Bq) 's^]^ 
s)T ui adoasaia) aip asjaAaj *auop qaiqM i j *M0jas-)uaSuB) aq; 
^uiuju) ^q *aqn) ssbjS s)i jo oj)uaa aq) o; pAOj aq) jo ^iqqnq 
-JIB aq) duuq 'paduiBja aiB jBopjaA aq) puB *uado Suiaq H t *sdii3 
aqj^ *uopBuii|;[oa jo auji pagpaaj aq) o) p{|BJBd adoasap) aq) o} 
paqaB))B pAa^ aq) s)nd qoiqM )Bq) si )uaui)snfpB puoaas aqx 

•auo |BapjaA b jo pBa)sui saui] 
anbi^qo om) aJB ajoq) uaqM *uopaasja)ui jo )uiod aq) 'jaq)BJ 
JO <)aajjoa auq {BapjaA aq) )nd os[b ^im* Suipaaaojd jbijuiis y 

'sxNaNniixs.^ii omiahahqs 81 



9AJdt 



Jmi Sttiiuni Xq *uoiiviA3p JO Ainitmb aqi j{vt{ soo aiu atfi 
Tfioa ji ! ajijn aqi jo ajia»3 sqi ^q %ta niKife si loiod sum : 
I PAJdtqo pns '11 SAoqv aaij |3A3| aqi [[ii ? ^ sii in pODOi jpi( 
' -9[<n aqi ujti] uaqi ! lAsfqo itmstp e jo uned p»o9dp-|[3M 
ifliM apiauioa ajiM |B]aoziJoq »q) jo aijaas ^i aiftm *ik 
: iiMO||oj n Bi loaunsnfpG siqi Sui^cui jo poqisni 
^1X 'acl(»«d|3} aqi JO uotmioA^j ajiio? oe Snunp ]Jdrq< 
^^ -up B JO luiod nures aqj uo anuiincra doiussjsjui Ji»qi saj 
^^^MOMa(ai oqi qSnojqi Sui^ooj a.ia uv uaq.M 'la^jjoa aq o| i 
^^ftff] t; : «<uni adKmo|;») sqi qstqu uo sSuii [e3upiii)i;> sq] jo] 
^^K<t{i qiiM 0pi3iiiO3 BdJiM RSoi3 aqi jo noqsasjaiui 9qi a^voi 
^^■3«i{] : uoiivuii|[o» JO out] 3ip JO leqi si iu9ui]snfpc isiif 

■ " 



•ifuavijttifpfr aijj^ 



r 



inamiij] ^ 
aqi i{1[M paqsitLinj osje 9je 'siuawTsnrpB 9\\\ laj SMdjas-iiBisdss 
9qi ujni oi nui v piia '.laAijp-MaiM b 'aiuaij ujoq « in p^unoui 
Mit|}< i4iii(jni^Btu y 'Uon^Ajasqo jspun lasfqo sip si leqi u^qju 
'IiChj sjins .iqi jo iCiisu^iiii sqj uiojj idAjasqo aqj jo aJCa aqi 
uoAjos o] '^tIo389pi oqj JO pus-aiCa aqi o^ XjddB oj apcui st ssmiS 
p<)inn)o;i 5[jBp n 3uiu;B}aoD dra |]Bms y ■paTI'^*^^ ^! SiWatd-sAa 
jotjio nqi JO jsipi^ noi[M odo3S3|3i oqi i{9noiiij 3[oo[ oj jspjo 
Bl oummv iNdui ai[ iioppod (Tyuied pae iuBSB3|dDTi aip durpiOAB 
MAJaxqo aqi t apnTij|E ajqcjapisaos b seq jsqj jaafqo db Sui.uds 
>qn uai{M luaiusAUoa ^[ouiajixa punoj sq {[im qsiqu 'soaii-ais 
|iiunl!tiip B 81 Jsn)o 3t{i i II^H ^-loui sssssssod sass^iS la^sj douBq 
inq 'JOttod ^mtjiuSBUi jajBOjS -a ssq pnB 'issfqo aqj g^jsaui suo 
eqi : tTini^oAJoeqo iHJjuiouojjeF joj pasn aq oj "adoasaiaj aqi joj 
mnoid'O^a Bjjxa o«i 'psimbsj ji 'asiMajfij : uaifBi aq oj aje Bnop 
-VAjasqo aqi osuaqM uiojj uopBjs aqj joao .CpOBXa paDEjd aq ub3 
Jl iiaiilA\ ^q 'ajv03 sij japun j(ooq » uiog puadsns oj 'ajijopoaqi 
oip qijA\ xoq 3q) ui pa^i^cd djb aui[ pus iautiun|d ssejq y 

-vfpaiiiisip laarqo ue Moqs o) ]i Sui 
-jsnfpii JO fltream nqi Sutaq tiBqi 'adoasajai aqj jo apis aqi uo 'Q 
•pua'ij paiiiui 01(1 flumani Xq spjBMino jsnjqi si BSBiS-parqo aqj^ 

'luaEuiGnrpB ht pa^Ejd aq ^em sajiAi 
fWJ!) oqi JO uonaosjonii aqi 'Jifid qa^a jo auo ajreoddo aqi Snina 
v^qifil puu 'ouoHuisBa Xq icqi os 'omi jaq^o aq] o] saiSuB iqSii 18 
pUB 'jaqio qana ajisoddo paaejd aiu qaiqa jo oaai 'EMajas asaqj 
JO anoj 91V ajaqi :ui xs uMoqs ojb saiiM ssoja aqi Sunsnfps 
■Mt)J9« Ol|j, 'OJiM |«apjaAB fic[ papasiq aq ttsa )i tisqi j^iuiBijas 
ffJOUt qiiM a]<iuB iiBUJS piBS aqi paaiq oj apEoi aq uea aauBisip b jk 



^-pv oxfi Suuxxp 'sixe 8)1 punoj uoi^oui jRinoip « )i ^iiia\o||u jc 
ip^ aq^ SuisiaAai JO asodind aqi jo; '/*^'suid aip I^uiaouioj 
Xq panado aq Htsui qoiqM U t 'sdip aqi ^q aoL'id s)i at paiiijuo;: 
n %i pm tia))a[ ^Bq'i o; a3UB[quidsai Jiaq^ uiojj 's^j^ \yo\\vD *y ^ 
'qjoddns s^i ai st^saj ^i qaiqM uo '[BdiipuiiiCo iC[nj) punojif '[tnaui 
gaq jo %Sau jo 'sjvjfoo om; scq ado389[3) o\\j^ -podsaj sup ii] 
msipQuiBd anj) joj fXi[Bja)B[ '\i ^snfpB o; si 'piio a^TSoddo oq] in 'L 
'Majas aq) S uopBOiiipa jo auq jo ^adoaso[a) aq) jo sixi? [uaudc 
aqi oi p[[iUBd \aA9\ aq; )d8 [[im 'pajaMoi jo pasiuj ^aioq \[du[ja *j 
'iiajas papvaq-uB^sdna b ^q joq)o oq) )« puB ^^uiof u iCq piio auc 
)« )i o) paqaB))B si 'adoasaja; aq) o) |a[[BJBd puB jopun iiAvoqs 
n qaiqM '[aAa^ aqj^ *ajnsBaui |B)aoziJOi{ aq) o) )i aonpaj oi 
'aoB^d pauipni ob UMop jo dn SuunsBaui ai 'q)duai s^umqa qaBo 
raojj pa)anpap aq o) s3[ut[ jo jaquina aq) *jo 'aiSiiBU) pai^uu-)![i?ij 
B JO asBq puB asnuaq)odiCq aq) uaaM)aq aaiiajajgip aq) SA\oqs 
apis jaq)o aq) pnB i jamjaA 8)i jo d[aq aq) iCq 8a)nuiui a[j^uis o) 
papiAip paB ^jaA^is q)iM piB[ui si ajB jBapjaA aq) jo apis auQ 

'apBca SI uopBAjasqo ub uaqM )aB)U03 
ai{) )aajjad o) 'ui&op jo dn sai)i)iiBTib [[buis ^jaA paAOca ajB adoas 
-9(9) puB aiB [Bai)jaA aq) qaiqM iCq 'j )b noi)oca mo[s jo Majas 
-)iia9iiB) B iBfBq puB 'o '^QJ^s aq) Suiujn) iCq sixb |B)uozuoq aq) jo 
pna a)isoddo aq) sduiBp uijb jaq^ouy *j}0 )i SuipBdJ joj jaiuja^ 
9H) jo aoBj aq) ajojaq paAoui aq uBa puB *^ *auiBJj aq) jo sjBq 
aq) iiaaM)aq saaj^ap pjaAas jo uoi)oui b suq ^a ^jamjaA aip Aq 
pd)onap paB 'apjiaiuias aq) iCq pajnsBdui 'suoissajdap jo sapn)i)[c 
9q) SaipBai joj *^ adoosojaiui aq) sJBaq qaiqMiujB aqx •paOB[d 
) 81 adoasafa) aq) qaiqM uo *j\[ (ajajiaiiuas jo) ajB ^BopjaA aq) jo 
«XB [B)aoziJoq aq) jo s)OAid aq) )Jod(Ins »^j[ puB y[ sauiBJj aqj^ 

•f )B paaB[d SI os|B ssuduioa b : jaAai )as si quiq 
pi)noziJoq aq) uaqAi auiuija)ap o) si asn Jiaq) : SA\ajas x^upsnj 
-pB jadojd Jiaq) q)iM ^jaq)o qaBa o) sa[x^uB )qSiJ )b paaBid aji3 
*p p 'gjaAa[-)iJids OM) *a)B|d jaiujaA aq) jo auBjd aq) uodfj^ 

*Aiajas-)uadaB) puB duiBp aq) iCq paanpojd uopoui mojs aq) o) 
'paxinbaj si ^aBaipp ajaqM 'jouajiii iCpBajS si siq) )nq J uoiuid 
puB 2[aBJ B iCq pa)aaj5a sauii)amos si 'paqpasap aq o) ja)jBajaq 
'ajB psapjaA aq) jo puB 'quiji siq) jo uopoui aqx •Majas-)aaSuBq 
oip pa^jBa ^{|BjauaS si qajqM jo Avajas aq) *uoi)ora mo|s b q)iA\ 
paqstojnj os[b si qaiqM (MaiA luojj papaauoa si duiisp siq) a)B[d 
oq) in) *dniBp b ^q 'uopisod Aws ui 'jaMO^ aq) o) paxg aq ubo 
Q)B{d jaiujaA JO jaddn aq) jauuBui a2[i{ u j 'Qinid p[[BJBd jaddn 
aq) o) poqaB))B si qaiqM 'j 'Majas uoi)oui-mo[s aq) jo suuaui 
Xq X)puBnb \\buis Xub paAOui aq irea 'paduiBp snq) uoqM *)uaai 
*nj)8Ui apqAi aq) 'auo[B puBq aq) Xq auop aq ubo UBq) XpaBxa 

sxNaKnHiSNi oNiAaAuns 91 



■■ ■ ■ H ■« H Tl ■■ ^ ''' ' 



-DAidon OS 1319 fl 
aqi aq 'puuiB DUg XiaA c aifvai jCaqi *ido p^oado i 
! ui3(|) no ind sSuiJ Aq aSeuica loj auoj iet]i ai paiasa 
punoj 3U0 uuoj ^qi dn inqs Q3qi& iei[i paiaiuisaoa c 
JCus^oqem 33ji{i o} ffimot ssvjq A'q pdi»auoj si qaiqM 'pK 




■uopBAJosqo joj (3A3[ dn jas si suBsm siqi jfq laaumjisui aq] 
! saoipgjtp iCjEJjuoo ui jaB Xaqi 'laqjo qoBO ajisoddo 'sjisd ui jas 
Sapq pne 'ajB[d laddn aqj jo apts japun aqi jbuibSb ssajd spcaq 
Jiaqj d|!i{M 'oiBid ia»o[ aqj oj paxg sia3(30S ui lurq asaqj : aniSg 
eqi UI UMOip 3JB '^ 5 q 'qDiqji jo aajqj 'sMojas pap«ai]-pauiiL 
anoj fq *Jomo ipea oj iDicejed puB uuij jas ajB pun 'q je la^gj 

JTI ■a,tnoaflaiix anj. 



J 




(X^ j9nu9A aqti Xq pdpiAipqns si :^i pire 'adiSap b jo sa^^nuiiu 
o^ p9!^9np9xlS ^^Bnsn si quii[ jomoi aqj^ 'sjanuaA aq) 
Ibioj pcre 'j9A[is q^iM paiaAoa 9siMai[q 9Jb saa^ds asaq:^ : 9WB\d 
tan^oni pannpuoa v a:^'e{d laMO^ aq:^ jo aSpa aq:^ q:)u\ Suiuuoj 
j^ojraijnieqo osp si *o 'aa^ds ^joqs « *:^jBdB ^qSI ^^ *9^«ld aaddn 
up JO aSpa aqt| jo s^ind a:^isoddo no : suop^np^iS aq^ aAiaaai o) 
'JdA^s qt^m paiaAOD pire j^o pajajuiBqa si aSpa s^i pire *auo jaddn 
n^ JO %v\{% creq^ ja^BaiS si a;B|d jaMO[ aq:^ jo ja:^aiiiBip aqj^ 

'spcB paia:^!!! aq:^ jo paa jaMO| aq:^ %'b Majas b iCq 
i»T[i9So% ppq ajB s^i^d aq:^ pu-e *(j ^^-b |pq « o^ui s:^g osp ax^uaD 
piua^xa aq:j J uopom iCp^a^s iCiaA b pire isBa ire SuiAuq *iaq:^o qa^a 
«|m punoiS puB pa:^:^^ iCpara *|Boraoo si mjoj iiaqj^ 'V *^^^l^ 
wmiaA aq:> o% lo^v^i aq) pire 'g. 'quii^ pa^BnpBjS aq) o) pamoas 
191XU0J aq) 'iBiua)ui puB {Biiia)xa *s)iBd om) jo s)8isuoa sixb siqx 
•g *spcB |Bai)iaA aq) jo suBam iCq nopoin p3)uozuoq b SuiABq 
ipoq *jaMO{ aq) nodn ^pajj Suiuin) 'y *a)B[d jaiiuaA lo jaddn 
op 'qini| |B)aoziJoq aq) pa^^Ba *g pire y 'sa)B|d jBpiajia om) 
p s)sisuoa (a^Bd )xau aq) uj pa)nasajdai sb) )uaiimj)sui siqj[, 

*9ff2^po9yj; dtii^ fo uot^duos9(j 

•8iaq)0 JO asoq) Suipaaqaiduioa ai ^)inogjip ou 
pu^ Ijm asn puB s)uaai)8nrpB s)i jo s[iB)ap aq) q)iM pa)uiBnbaB 
nosjad b sb ')aajiad )soin aq) jo auo jo uopduosap b o) saAjasino 
9ngaoa ^Bqs aM )nq \ sjasBqoind jo SAvaiA aq) lo aaaamaAuoa 
^q; )jns o) sa)qopoaq) Sui)aiu)suoa jo sapoiu snouBA aiB ojaqx 

'jOiCaAjns B JO aapoBjd iCjBaipio aq) ui 
•mooo )Bq) sasodjtid aq) jo )soui joj )uaia]g^ns iCaBinaaB jo aaiSap 
»0) puB 'laaq) iCq paraiojjad aq Xbui ^'o^ *aDB{d jo apn)pB[ aq) 
'ami) aq) 2uiuiuija)ap loj pajinbai asoq) sb qons 'saoi)Biado |Bdiui 
-oaoj)SB ^BiaAas puB *. s)aauini)sui q)nuiizB puB apn)i)tB sb pasn 
9q )Ud)xa niB)iaa b o) iCBOi *uoi)onj)suoo )saq aq) jo 'pui5[ siq) 
\o 8)ndinni)suj '^aiXaAins ui paXojduia auo )UB)joduii )soui aq) 
vs pajapisaoa aq mou ^Cbui )i )Bq) ^s)uauiaAOjduii qans paAiaaaj 
juii) o)an]i) raoij sBq a)i[opoaq) aq) *)uauinj)sui jBpSuB ub sy 

•axnoaoaHx shx 

•paifaAins aq o) iCa)unoo aq) jo uoi)B)uas 
ajdaj B auioaaq iC^BnpBjS {]im jadBd aq) 'paaiuija)ap iC[jB[nai)JBd 
aoin aq p[noqs iCiBSsaaau )on si )BqM a^Ca aq) iCq ^aiqa)ai[s puB 
B)od8 a|qB3[iBiiiai )sora aq) )b dn )i Sai))as : deui b jo s[iB)ap aq) 
II Saill9 JOj paiCo[duia aq ^biu a[qB)-auB[d aq) jauuBui siq) uj 

•)uiod auiBS aq) ui )pasja) 
UI o) os^B )qSno -^aq) puB ^s)uiod paxg jaq)o jo uopoajip aq) ui 

siNawriBXSNi oNiAaAHns ^\ 



lay j»]aaiiy ^3^« MEzpv 




wunq 



I! pav "B^ a|9«| ay dnfj -«■*»> aip jo m» / 

, wqaMiay iw4 » rf «M J jyflinnBy aiqciaygan . 

**Mfi «p IS dn f ira— Qw i atp 9ma» £q 'p^mnuaup aq 

!• /«■ *4>f *nKU « ^ pv^ 9? s* **o^ iv{ii:>iu«l ^ae jo i 

-•Itt ay *mt^ ^*P omb naop patj nnlqo jo jaqmnn e Sinn 

■ ui oii« »i jsyo !■ sDDfiKBdD nqnaK Sintiuojiad 
laSBOimt ay ftnna* iq jCpn pormiap aq UK! tfjfijjft •)«[ 
JUt»MDM imp 9i0pu» « t; 'sang 9<P JD ^n* '*o *li* i{iu*' 
M) >ov cty ptnoy liui 'P^o*! 3*11 *» »>^o asoy jo esx 
.^ai ay Supooap tatof laouoj atp ^ nopwsjdiu; aqi i 
wvd i^LM 'uoMSMOos HI "3^ 'O S V J'^ uoti^ajip 31]) ai • 
MiMMtp KNiiI ^m pBV 'Snucaq jaouoj s)i mo laiod (i:>auc 
ji) *uie8e jum {[ut (svdtDOS ay : oug p^aiep luqi pai 
ai{l yoq i(S[uuip djm si j noims 3i(i ({n pnnoi pa^oia oq .^i 
o|qpj ay ('3 jo) I pne g jsao paavid xapni aqj jo agpa aqi p , 
'pjciM) aijl uo 3 luiod ay ut paxg ^on ^uiaq a[p»3D ay ; q ,. 
Ml 'pauiuiimap sni{i suoiieis ai|i jo ajom jo auo .Cue le dn ijss ii) 
/bui jjqei ay 'jj pue [ le uotsu jo sjiinii ay pao.(aq iaijus oiji 
Sujpuaixo Joj SB (|aJ& sb '^jom ay jo AaeoxiMB ay ^aaip oj^ 

•uejd sy uo buoijc 
'Dija SAiisailsjj Jiaqt aq IJIM 'j luiod dqi ojojj a^ejp asoqi yiu 
•iwuil 3«ay JO uojiaa8ja)ui aij) puB 'suouaajip ^luaAas Jiaiii ui '^ 

, 4Uro<i aqi luojj sauij SuLMBjp ''at^f '3 g v s^uiod aqj oj uoissai»ns 
UI rjijififl ai|i jaaJip pue 'ajpaau aqj jbuibSe xapat aqj jo aSpa ai)! 
^UJ I ^ lUiod acji m ji xg pue 'j niojj ajpaau aqi aAooiaj mojj 
•(iivjpuaui ay o) ia« sbm 1; a|daiBxa ino ni) uoijeis laujioj aqi jo 
pjp ij UK SuUBoq auiBB aqi oi luiod ||IJ4 a^paau-sBeduioD aqj 'auop 

i jC|i<»jJoa J! H3n[*i 'j uoijbjs aqi o; paiaajip aio sjtjSis ay [pi 
inoqv o[qiii aiji luni '^ j 3ui[ aqi Sho|h xapiii aqi jo a3pa aijj 

I J!(ltpu|d pun '^ uoiie^e ai|i 01 luauinjisniaq; sAouiaj 'auop siqj_ 

■notjBjado aqi Suunp 

I XpiiniiiNiliuuiajn|qtiiai|] loq] ojno Huijjbj ''aJS ''.■! Q Jo notjaojip 

I Itljl lit {|.)A[ii«^u.inB tiouji IfuiMEJp 'uotmis aq] uiojj aiqcsiA aje s^aaf 
' ,j|ui|« \[\\M [i.iJ.iojil OS piii; i (I I aiiij aqi MEjp pue 'g ~" 



CI 



a^ 



^ 1«;| dqi) JO 9pi8 idpan aq:^ uo ;niod Suipuodsajjoo aq; uiojj 9ui| 
imnid V Smdcfoip £({ pao^id os 9q Aism %i : punoji^ dip uo uop 
9i{) 19AO aq ppoqs *9]<{v^ aq) jo aj:^ud3 aq:^ ;on puB 'uoi)e;s 
18 ftti^aasaiddj 9\€[v% aq:^ no ^ods %ni{% 'uoi^u^s Xuti joao :^i Sui 
[d Qi :)vq!| 'pdAidsqo aq p[noqs )j *dn )9s aq spiOMio^jB iCuux 
lOAaiaqM 'aopisod :)sjg 8)i o; p[[BiBd afq?; aq; j^up:^a8 aoj os[b 
'saopiuado ain:)n| aq) Sui3[a9q3 jo asodind aq; joj 'o; s^iiiod 
m aq:) (Smitiaq jo) paBa-ss^dmoa aq:) uo Suip^ai i^cqM aAiasqo 
'nopisod )Bq) ui a[qB) aq:) xij uaqt| Ss^qSis aq; q^oq q/^nojq^ 
81 9Ui[ d69q Qip JO pua aaq;jnj aq; [[p paAOui a[qB) aq) 
^fos ^OMVip snq:^ auq aq:^ J^uo^B piB{ aq i^snui xapui aq) 'asca aq; 
II 8iqi naq^^ '^aAjns aq) jo uopiod la^eajS b jo uopjosui aq^ 
^jo^impv (x^ SB OS 'pjBoq aq') jo :^Bd ie[napiBd auios uo 'poainba.i 
Van[Mk ^8jgaai| asBq aq^ MBjp o) iCjBssaaau saoipaaios si %i %n^ 



«<-- 



"-*. 



/ 







4^ a^' 



^ i) 



•UMBip OS aUTf 

9q) uo ajnsBa^d )b pauinssB aq iCBui y[ :)UTod aq; asiAuaq;o *jjo 
prej aq ;snui q^Suo^ ^OBxa aq; *paxg si apos aq; ji 'uaqAV J'3[ j 
'asBq aq; ;uasajdaa o; 'jadud aq; uodn aui[ b MBjp xapui aq; jo 
apis aq; iCq puB *;x *uopB;s iaq;o oq; o; s;qSis aq; ;oajip 'ajpaau 
aq) ;suibSb xapui oq; jo aSpa pionpg aq; J^uidaajf siCBAvp *uaqj^ 
•injg ©iq^; aq; duiBp uopisod ;Bq; ui puB ^a|paau opauj^ui aq; 



sxNaFiauxsNi oNiASAuas 









atciildn> 'ot«<\ 3ij) JO Xitui^nxa aoo n hbbuuotu aip 

ni|i iit> p.Tiiidrojdaj ts 't\]Sh^ wii tpti* "ium 
-UKK) i>tiu 'auiiljiid mm joj auij v SntiascMii ^ ^ 
n({ fiiniu p.iuiniei) tiiii|i 3|bj« aqi jo anjVA atp yiut > 
1lianl)0R(|na ouioi is pne i 93UBi>tp icqi laaojdaj a 
oq ^vui >iiii[ V 9iriMJ>ii{in 1 3|tiM pajinbaj sqi 01 P'^^'q sqt ""^ 
11(1 pitt[ pun 'pojiitfl.iui ^i^Gjnaas aq iedhi "^j j *a3uc»!|) sijl 
'p.»(ij fi iiMVjp nq 01 SI UB|d aqi q3tt|M 01 3|TO« aqi ji 'UJip 
l.i|i{iNU ajn in3'j('q(> Ji jsqninu isajcajd aqi qaiqjft mojj 'm^ 
ONsq D jii ■.ipiui.iJixa 9r[i SB ('jaqjo q3«a mag incisip ijqusp 
-isiioa) 'y piin 1 n 'itioiivif omj laai^g -UBid aqj nodn nwp 
pini oq 01 pojinrinj ajv qsiqM }0 suoiieniis aiiiE[aj aqi 'iJCJo^ 
-iiidl in pox[( jaqiio 'ttuojieis josauss SAisuaixa ub jo »aj «3<l 
*•"? 'iTU V !•'>'!■'"'*' Bjuind ain ia[ 'inEj^eip paxaouB aqj n] 

'4|ili[|iixa im J<i suitou) iCq 11 auisn jo jsuuBin aqi Moqs [jeqas'^ 
'itiJUiiiJiMiii oi|i j(i U()ipnjifiuo3 i^iauaS sqi pauiegdxa Saueg 

-noa 01 'popiAoad oq £v\u 'pBaq-_gBis auies aqi oj paidepe pa^ 
*p.>judajd ^|JV|jUliit waqio '-CaAins aqi jo a|OqM aqi utejuoD 01 ina 
-|0[Lini 10U Hj piitoq auo ji puv 'ajnsiai i? ino apeoi EpiBMiaijV 
oq uBn uuid oqi jo AI03 Jisj y 'p^qstuiioip ^[leaoS sq usqi 
ppiiiM jjw iiqi j» iUniRiom aqi ui sa^u^qa /q pdsnBa EJOJja aqi 
KU '«i|qHi nqj jo osngjns aqi jaAO pjBoqaiBud aui[ jo jaded Saimejp 
JO laaqn ^m\% ■ 'HumjS jo 'aiiiiMd jajajd pjiioqB aA\ se lasod 
-jnd ^joA.i JOMviiV 'xoq-ssnduioo aqj qjiA\ 'pinoM 'jt ui paxg 
Hlipq oipiKiii ao tiid nnif a jo /{ipeaj iiuipe 01 (jspaa jo autd se] 
puoM \)ou mq pouosB.)B-||a« jo apBui pjBoq msid b '^nauinjisni 
tH|l SiURil JO poiiiaiu ,ino UI 'poapnj -jaded aqi Sujijiqs naq.w 
pijiisti snmii.iuioH .mh qoiqAi 'K]j»d pjnfaajo asoqi stlvi{j,ad jdaoxi 
*.iaq]a)(oi[u auiiuj pooM-xoq aqi 110 suoijcnpEjg aq] qii« asaat 
-«tp p|ii03 OAV oHii UMo jno joi inq ! poianjisuaa .(jpjauaS MOt 
nil pi«i 'jfijaiuinj tiB oiqin-ouiqu aqi jo iioiiduasap aqj st qang 
•joclnd JO laaqs qauo ojui 3(joavjo if^iiuunb a[qiEBod isaieajS aq; 
imipii o) Nv UMHjp OE oq Amu auij aqi leqi '^aAjns ajninj aqi jt 
Mujisajtp |iuoiiaS ni|i 01 pjnHaj anp Xcd oj ifjussaaau si ij 'laaqi 
piioiiai aiji iiodn ouji ilu[puudsajJDa aq] SiiiM^jp uj 'paiajt 
•iiloa «i o]oqA\ L>qi |[ll ']riaqs 01 laaqs uiojj 'jauuEUi auiBB aq: 
UI poniij]ui)7> pire poM.nuna oq ifBui XaAjns aqj 'saiiT[ uoiibjb jse 
0[|1 JO UQiiaajip aqi ss \\3M m 'laaqE jauijoj aqi ui aui] aqi nodi 
oju inq] BiiO]iB]8 jofiniiod eqi sm\ siqi 01 i^uijjajsuBJj puB 'laaqi 
MOll oqi undn aui( jn]tm;s v SuiAiBjp ifq 'uaqi i jadsd 10 E]aaqt 
qioq o] nouiiuoa speui aq una inqi XaAJns aqi jo s]uiod jo buoi: 
•Vis jB[n3iiJBd ainoG qSnojqi '1; uo UM^jp aq pinoqs aiiij « 'WK 

It 'Sltlvj. -AHVia 3IIX ^^H 



-^q p9)39jg« iC[i8Ba ^ou si ^i pajcdajd os iiai|A\ ^uq; pui? 'iC:^3oui 

^ta^voiS 8^ i{:jTM pjcoq aqj uo pi'B[ oq £vui ;i *dn ;Baq j[aA\ Sj^s 

^IB JO 9%U{JA 8qi q^iM pajaAoa aq .ladvd aq) lo apis lapun aqq 

Ji %m[% 'paoijojui naaq aABq 9j^ 'padiuisp si ;i uaqAv sb iCjaaui 

«» anop aq :)onu93 siq^ '^vup paifpa^Mou^oi? aq ;snui %i ^nq ! odv\6 

en o^ni auxvjj aq; Suissaid :^S[iqA\ q:)oouis piii; :^qSiej:)s )i daa3| 

oj 8ITO Snn[B:( *Xjp uo jadisd aq:| Sup^nd jajajd ajojaiaij) a a\ 

*9il9i{d8oa])« aq^ jo a^^s pou^iauiojSiCq aq; ui aSuBip ^uib ifq aocTr 

ppB ^lissa 81 ;i 'paniBJ^s puB padui«p uaaq aauo 8T;q )i uaqiM 

fl'iadod aq; no J^up^nd jo apoui siq; o; jdAaAioq uopaarqo ^tsajx 

wo SI aiaqjQ 'uodn pauiiojjad aq o; 3[jom aq; joj aoujjns ^ej 

t samnssis 'saiip ;i sb Sai3[uijqs jaded aq; puB i ajq^; aq; jo aSps 

0(p pire aoiBjj aq; uaaM;aq ui pazaanbs aq iCeui jadvd aq; %m\% oc 

'89e|d 8;i o;a[ auiBjj aq; ssaid i a;B;s papuedxa ub ui pjBoq aqq 

no ji Sm£vi puB 'jad^d aq; jo apis japun aq; Suiduiup Aq 'piBoq 

AiukBjp nouiuioa b SuiiaAoa jo ;Bq; sb auiBs aq; si qaiqM ^uiop 

JO poq^ain [Bnsn aq; t jadnd Su[Mt?ip q;iA\ ;i jaAoa o; si auop 

8q o; duiq; ;sig aq; *asn joj ajqB;-auBid aq; SuiiBdajd uj 

•asodjnd ;Bq; loj ;i uodn 
pwB[d {aAai-;iiids ibitioito b jo suBaui ^q *[B;uoziJoq ;as aq ^Cbui 
9[qt?; aq; puB i pBaq-j[jB;s b uodn paoBjd aq ubo ;i qaiqM iCq 'a;i] 
■opoaq; aq; jo asoq; a5[i{ SMaaos-a;B[d [a|[BJBd jo *;a3{oos puB j^Bq 
« q;iM paqoB;;B si aj;uaa b *a[qB; aq; jo apis lapun aq; oj, 

•02y *spioqo JO auij « *sa[BOs jbuoSbjp q;L\v *s;jBd 
jwiba jo sauq sb qons *spui^ suouba jo sajBos paABjSua Xpaanbajj 
91B aiaq; 'xapui aq; jo aaejjns ;bjj aq; uodfj •;oafqo ;uB;sip 
pajinbai iCuB ;aasiq o; apBui si jaq;o aq; ui pBajq; |Boi;.TaA aq; 
'cnaq; jo auo qSnoiq; Sui3[ooj aiCa aq; puB 'xapui aq; jo iC;iuiaj; 
-xa qoBa o; paxi^ si * j j[ *auBA-;qSis JB[naipuadjad y -aSpa 
|Bianpg aq; pa^jBO si qoiqAi *apos s^ja;unr) b jo ;Bq; p95[i[ *aSpa 
8uido[s B SBq ;i i pBOjq saqoui om; ;noqB puB 'ajqB; aq; jo jbuo 
-Sbjp aq; sb 3uo^ sb *ssBjq jo apBiu si *g 'xapui jo jajnj aqj^ 

•3{J0AA aq; jo ssaj^ojd aq; uodn ijoaqD b sb [jaM sb *uoi;b;s 
jamioj B ;b pBq aABq Xbui ;i ;Bq; uoi;isod iCuB o; lajpjed uoi;b;s 
Man B ;b dn ;uaainj;sui aq; Sui;;as ui pjasn iCf[Bdiauijd si 'jd;ua 
-jajmnajEio b jo asodjnd aq; SuuaAvsuB jo ajqBdBo ajqB;-auBid aq; 
Sauapuai apisaq *ssBduioo aqj^ 'ajusBajd ;b paAOUiaj jo paijddB 
aq iCBui ;i ;Bq; *A\ajos papBaq-pajjiui b q;iM paua;sBj puB *;uiof 
|iB;-aAop B q;iM 'ajqB; aq; jo apis auo o;ui ;a[ *xoq-ssBduioo 
e SI X) •;aaqs auo uBq; ajoui sajinbaj ^jom aq; uaqM 'jadBd 
oq; 2ai;jiqs joj puB 'sajBnbs jo sauij [a^jBJBd Suijnj jo asodjnd 
aq; joj *sq;ua; puB saqoui sb ^s;jBd jBuba o;ui papiAip iC||Bnsn 
81 aniBjj aq; jo aoBj asjaAaj aqj^ *aiajiaiuias b pajpo asn ui 
/[jaouoj ;uaiunj;sui ub puB *a;ijopoaq; aq; jo aoBjd aq; iC[ddns 

'siNannnxsNi oNiASAHns 01 



-ip i3\\io ar\% m ipSu^] R]i jj^q Hqpvxa xb pne 'sopis aip joas 
iiiaij i{ip>M sji JO joiJBnb b inoqe jb 'ajq^i sqj uo paxg '([ 'fl'" 
njiu33 puo33S V Bouitidtuos Bi ajaqx 'o09& "^ luaniajduioa q' 
!i[3uB UB qjoq iqSiB jh Moqs oj ',(bai qDsa psjsqninD ipna 
ojB suoisiAip aqjL "jnupB (|im ajqej sip jo azts aq^ sb ip) 
SB papiATpqns aie asoqi pne 'pjBoq aqi jo a[ppTin aqj ui p 
'0J1U93 E mojj 'saojSop QQg o] pspiAip si din^ aqi jo aoKfai 

•pjeoq 3q] uBqi jaSta 
B 1T13 aq )snai i}sodan(I siqi joj qoiqa 'aadijd aqj uodn 3| 
onit tiMop p3ESi)jd ifiduiis Suiaq iq saop 51 qoiqM 'pjcoq at 
jaded Sii;a\Bjp oqi uiEjaj puB qaiajjB oj q]oq papngiui d^ 
siqx 'spJEAidn 3dbj jaqijo q^iM 'uoijisod j(ub ui pjGoq I 
pooBjd oq ireo 'pang jfjajBinoaB Suisq qaiqw 'g 'anre^ pood 
;)Aia3aj o] 'pa^iaqqBJ aSpo laddii b^i SmAEij 'ajEnbs saqaoi J 
]noqe 'y ^ 'pJGoq e si ij 'asn jBjauaS jboui ui mow bit! 
jBqi JO uopu5H3B3jdajB si ajnSif paxauui; aqi jnq ! jo/aAinssI 
JO suoi]U3]ui puB aauaiuaAUoa aqi qqoq jina 01 'saoiij jnajajfip F 
p.iUBA uaaq snq ajqi;; oui;[d aqi jo azis pue uopanj^etioo .^l|J, 




•uopBpnauiinoaoj jojqo sit si 'iiiaiurutien; siqj jo set 
31(1 in ]i3dxa Bi oqM nosjad b iq 'paiujojjad aq Xeki ^laa. qatif 
qauiMipiM uoprpadxa aijj^ 'uotiBinSinju] j(q poxg J|sno;AaK 
tiaaq oabi[ Biaajqo snonaidsuoo ^Bdionud aqi jo suopeniis aApB|a. 
aqi ajai{M <(jiuiioa b jo sjisiap aq; uuop Sm^Bi 10 'duni-qcua^i 
It Sniinjoj UI (pajmbai joti ei XaBjnasB iBaj3 ajaqM) 10 'pimoji 
JO Bjo]d. |[Eia6 SutjfaAjns ui pasn 'uiopjaB qSnoq; 'saniiiauios ]|iii 
BI It : 2ui^aijns jo aanoBjd aqi in pa/oidtna XpAisuaixa bba 
9]qBi-aitBu sqi 'asn jnaauaS ojui auiBD ojijopoaq} aqi ajoja^j 

•aiavx aNVTd anx ^^ 



f ^m \M .g oil 8« ^^v^ ^q ^««i 3ui 

II aq; *:|i o% jisou quo oq:^ P^H^q si amj ^ q^ 
ro ':|i o% 199U qini| oq^^ no ano aq:| jo oouba 
HI qanm to i^noq^ si aai| ^g oq'> sb pire ' Qg 
^0 n88M:>8q pire «^g oil sj ^I *q;jnoj oq; 

>"« -,,08 M oIS 'P«H^ ^q^ "! • .0^ .1^ o09 
ooas oq; ui i ^^Qg ^^ ^gf si Suip«9i oq^ '^sjg 

nj *qoai{ aq:^ uo quo q;i^ sapiaaioa iqiu 
i 9H% no uoisuip V 9iaqM paac^ct si '9jn% 
9 UO *g[ \^Q^ o% JdiiU9A Qi\% i({ papiAipqtis 
' \0& o^ P^PP^IP s; qrail aq; •q^moj aq:^ ui 
' Km o^ JonuaAoq; iCq papiAipqns puB '^Qg 
papiAip SI quni aq:^ *piiq; aq^ uj -^^oi o:^ 
uaA aq) Xq papiAipqns puB ' qI ^^ P^PI^IP 
raq aq^ 'ain% pnoaas aq; uj '^^jj o; laiu 
I aq:^ ^q papiAipqns axB suoisuip asaq^ puB 

o; papiAip SI qun| aq^ ainSg :^sjg aq^ uj 
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•3 'x^ 3aiaq :>uiod 
z aq; ^a^Bos jaiiuaA aqt> jo uopiod « Q puB *;aauini^sni ub 
quiij pa^^BupBjS aq:) jo uopiod « s:^nasaidai g y *«op«J^sniit 
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I 

i 



i\ 'aoieiAip iJotjs B J! pun 'pappB aq o% sqipaipuni) inEin o- 
jj naqi 'aoisjAip Suoj b si 31 jr : ajeos am uo auo mm sappiii" 
J3IUUA 31(1 uo aui] iBifM oAJSsqo 'gc|]p3Jpunt{ g Smjonap ^mii 

IJOljS Sm l|3C3J IOU B30p gi SB pUB 'Sl|]U31 f pUB S3I[3UI (If 

sAoqn apHI e asoddns i a]BDs aqi uo spUEjs jsiuj^a 341 J" 
uoiBiAip Oiaz sm ajaijAV dAJOSiin 'jjci ii peaj oj 'AiOj^ ■smpm^ 
-noip Snpuossjdsj 'saai] m]ioi)s jCq papiAipqns hibSb ajs 3«[)i 
! qyy Xj3a3 jh paJaqoinu aiB Xaqi pnB 'qoai hb jo ijjpaipiinq 
auo uisqi JO qoB3 Moqs jainjaA 3i\i uodn siiOreiAip Siio\ Ki 
'qauinB josqipsjpanq g aq (|IM q3;i[M 'uotKtATp J3gjoi[SB jfq'i "i 
ojui papiAip uib3b aiB smoai asaqi i sijed q| oiui papLifpti 
3JH qDiqAi 'saqaui o]uj papiAtp s; ojBoe aq^j^ •jauuEm Sauv,; , 
aqi u; ^o pBSJ si piiB 'jaiiuaA b ^q pjioaga osiMa^ij si 'jsjatun;,: 1 
tiiB}unom B JO 3[B3B am sb 'ami I'l^!*-*'^ ^ i° uoisiAipqns aijj, 

'..fil •'^ ^''"P 
aq UB3 ]03uinj]sui aqi oj paQio)Bn33» uosjad B fq qaiqw 'aXa sql 
A'q pa]Buiiisa aq ]snui uoisiAipqns ja{{Bius b i sainuiiu ajSuts ais 
jaiujaA aqi uo suoisiAip aqi puB ' Qg s:>aasajdaj noisiAip ijoijs 
acjl jfpuanbasuoa 's^je^ o.ui o]ui papiAip i[[EJ3ua3 aie saaiSsp 
aqi uaaAijaq saacds aqj 'sajiiopoam [jbuis jo sqcui[ aqj dq 

•ssaaxa jo oje atp no SnipEaj aqj joj _gg 
Suppiin 'jamjoj aqi 05 pappB aq o) g ajouap pjnoM siqj 'qniJI 
aqi uo auji b q]iA\ papiaujoa ('qi paijiBiu) ptiBq ]ja[ aqj uo auo 
pajaqmnu ibbi aqj uio.ij uoisiAip 3uo[ pjiqi aqj ji puE '_og aq 
P[n04v siqi 'ssaaxa jo ajE aqi uo noisiAip uoqs pJjqj aqj puofaq 
poo]B xapui aqi (jaainnj]siii ano uo) ]Bqj asoddns 'snqj : ojaz aqj 
SB puEq ija[ aqi oj uoistAtp paaaquinu jsb[ ai[] japisiioa 'st iBqj 
! spjEAt3|3Bq jaiDjaA aqj SuipEaj iq 'i; oj pappB aq oj spnoaas 
pUB sajunitn SuiuiBiuai aip pug puE 'jaiujaA aqq jo noisiAip 
ojaz aq] £(\ ojaz jo ]qSij aqi 01 passed si ^]UUBnb leqM aAJasqo 
*£o pBaa aq oj pajinbai si (jajjEajoq pauiBjdxa aq i[;m qoiqM jo 
ajniEuaqi) nuEjxas aq:( jo quiq aqj uo ssaaxa jo aae aqi u^q^V 

•pajinbaj ajSuB aqi '__oi ,91 o09 ^saiS 'qi ^09 ^l pappB '-^lil 
-UBub siqi tiaqi 'quii[ aqi uo auo ^ub qjiAv sappuioa (9 paijjBUi 
euo aq] puojCaq ]xau aut] aqi s; qatqM) Qy 9 ouiiouap jaiujaA 
ei[j uo aui[ aqi puE '^qq puoiCaq og puB ^qj uaaA\]aq puBjs oj 
xapu! aqi Suisoddns 'snqj^ -pajmbaa ajSue aq; saAi3 'quiji aqi 
uodn ^o pBai jaquinu aqi 01 pappB 'xapu; aqi jo ojaz aqi oj 
aui[ iBqi uiojj spnoaas puB sainuiin jo laqiuuu aq] pUE ! qcaq 
aqi uo ano qjjAA opianioD saop iBq]"jainjaA aqi uo aur[ b ioj ^oa\ 
pUB 'passed isBf sEq 15 uoistAip aqi jfq pajouap ajE sajnnicu puB 
saajSap ^ubcu Moq aAjasqo isnui aA\ 'uiaq] jo o.wi uaaA^jaq spoBis 
mq 'qniij aqi uodn uoisiAip AiE qiiAi appuioo ]ou saop xapui 
aqi JO uoisiAip ojaz aqi laqi suaddBq it naqAi ing; -a:^ 'Qg ^qq 
'pjiqi aqi qim ji '_os „09 ^1 11!** '! 'puoaas aqi qii« optomoa 



O)daipi033B ^S9:}nui(n jo laqmnn uiB^jao b pus saaiSap qq aq j[iM 

0|2ire 9H% U9\\\ *X9 puB 09 uaaM^aq soui^ la^ioqs oq:j jo auo q^iM 

«ppaT03 :|i ji t^nq faiSue aq:^ aq [[tA\ saajSap 19 uaq^ *uoisiAip 

Sao{ :^xau aq:| q^iAi ji tajSuB aq; si saaiSap if;xis uaqa *09 ps^J^ui 

ODij aq:> q^iAk appuioo ^i ji *snq; i ajSuB pajinbaj aq; sa:jBOipui 

®^n«H^ UQ\\% *q«in 9^^ uo auijiCuB q;iAi (auij :jqSiT2a:^s b uijoj loj 

^ppaiOD jaiujaA aqi jo uoisiAip ojaz aq:) jj -[BaauaS ui siaiiuaA 

^aipBai JO poq^aoi aq; iC[;uaiogjns uiB[dxa Ipqs qja *j[jo :)! SuipBai 

Jo jauuBin aq; SaiMoqs iCq puB * q| o:^ spBaj laiuiaA aq:) puB 

^01 ^% P®P!^!P ^I sn aiojaq mou ;uauini;sui aqi jo quii[ aqj^ 

•0^ ',,01 °^ P^PI^IP ^! J^n^I 94^ ,01 o^ P^PI^IP sj J9UIJ0J 
^H^ JI V/O^ ^^"I P^PI^IP ^I JiQiujaA aqa OS o^uj P^PI^IP si quii^ aq; 
JJ )Bq^ OS 'qoxij aq:j uo saajSap aq:j uaaM:>aq sb acuBs aq:^ *i[UBS 

•«aoaa ^ou :^nq ^iCjpnsn si jaiujaA aq^ jo sa^jnuim aq; uaaM^jaq 

*Uoi8iAipqns JO laqoinu aq:^ t spuoaas oi 'sAijf ji puB 'spuoaas gi 

^ IIjAk aaBds qoBa *saui{ aaiq-j uib^uoo (uoisiAip Suoj jo) a^nuiui 

^ava uaaMi^aq saaBds aq:^ jj *sa)nuiui jo suonot^ij Moqs suois 

•Uip la^joqs aq:^ f ^ 10 p95[iBui si '^i puB 'suoisiAip xapui aq:j 

JO ;aaniaouaniuioa jo 'oiaz aq:i si auo :iqSu amai'^xa aq:} : )jd[ 

oj %T[Su. moij paiaqianu aiB JCaqi puB *sa:^nuiui a^Suis lauuBui 

doiBS aq) ni a^BOipui asaq; : siaqi^o UBq^i jaSuo[ aiB laiujaA aq:^ uo 

saoisiAip aq:; jo auios ^Bq; *paAiasqo aq ^|iAi ^i asiMa2[i'^ 'suois 

-lAip aqi JO t^namaauauiuioa aq-j uiojj pauo^aai *sa:^nuiui 01 J^ 

90Bds B JO pua aq:^ '\i8 aq him qoBa puB *saui[ ^joqs aAg aq \\ija 

9idi\% 's:>jBd xis ajB aiaq^ ji isa:>nuiui 9^ jo aoBds b jo uo^bu 

-luua^ aq:^ a:jBOipui {jim qaiqM jo qoBa 'sauii ;ioqs aajqa aq j[iM 

ajaq) uaq^ *s:|jBd jnoj o:jui papiAipqns ajB saaBds aq:^ ji 'aauB^sui 

Jioj *sa:}nuiui jo jaquina uiB^iaa b Supuasaidai aaBds la^Bois 

qoBa *gauii la^jjoqs iCq papiAipqns uibSb aiB A9\\% puB i saajSap 

^uasaidajsauiiasaq:^ uaaM^aq saaBds aqx 'ojaz jo *:juiod SupjB^s 

aq^ Suiaq ^^% ^'^^ '91 *01 '5 '0 *snq^ 'TOF ^-iQAa '\is pajaquinu 

ajB iCaq:^ t^Bq^ puB *siaq^o UBq:^ laSuo^ aiB ;uauini:^sui aq; jo qinij 

aq; uo saui{ jBuoisiAip aq; jo auios ;Bq; ^'paAjasqo aq {{im ;j; 

'jaq;o 
XuB uo asoq; q;iAi ibijiuibj Suiuxooaq ui jf ^pagjip ou pug j[im 
;uauini;sui siq; uodn suopBnpBjS aq; q;iM pa;uiBiibaB ubsjad 
B SB *;uB;xas aq; SuipBai jo poq;aui aq; ajduiBxa jBjauaS b sb 
aifB; sn ;a{ 'asodind siq; joj 'jfo pBai ajB s;uauinj;sui pa;Bnp 
-BaS JO suoTSiAipqns aq; 'sapaia jo saiB 10 saui| ;qSiBi;s o; jaq;ia 
*uoi;BDqddB s;i iCq Aioq uiB^dxa ^Bqs o/a puB i laiujaA b paipo si 
papiAipqns aq o; ;Bq; jo aSpa aq; Suo]^b aAOUi o; apBin apas b 
qong -qaui ub joq;pajpunq aq; si a[BOs iCiBuiiid aq; uo asoq; puB 
apBUi OS ajBas aq; jo suoisiAip aq; uaaM;aq aouaiaj^ip aq; asBD 
jaq;ia ui loj t s;jBd ]^Bnba oi o^ui P^PI^ip puB 'qoui ub jo sq;ua; 
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I n*H% ajoot 9UO .CiisjausS are jaiiusA 3i|) uo sijcd aij] 93t»u'i 
I ojapoitt ut : jauudA aqi jo qiSuaj at{i joj naijei aiess £iBmud 'ii'. 
r JO 3soi{i mqi SS3] 3UO JO 3Joni sno ^je joqamu at qstii* 'm^i^i 
oiMi papiAip Bi i; inci !poujT!a aq o] papaaim si noisiA!pi|i! 
01(1 'P!'|« oi Bsou.Tinumi jo aaiSap aqi uo iuipaadap 'papuipqu- 
aq oi 1111(1 JO sijKtl JO Jaquinu uirjjoa b oi [enlis si qi§D3i 3soi|« 
»|«3B n SI 11 "aniOB paienpej3 b jo siioisiAip iinnBipniba si[\ 
uoauiaq oaeaa aqi jo eijnd SuimeBain joj aauEAiJjuoa « si Ejqx 

■piiBq oqj ni ji Snipjoq jO psm] 
•JiniAiasqo naqA* ii ooBpl o] qsiqw no 'pajinbaj ji 'luaninjisu! ^ 
qii* p^q aq iieo 'gj aSed ib paquasap aiigopoaqi aqi jo SBoni ol 
jBllUiiBpuBis podui V "o09E "* a(3jia aqj punoj -a^jf '^gj '„{)1 ';!; 
pajoqtiina .C||i!jaua3 aju snoisiAip aqj_ ■ gj ^^Qg aq j(im ajSiiB I'ii 
■qjnoB JO qijon aqi uiojj ']saM qioq jo 'jsea i(ioq ' gj ^j mV'\ 
aqi puB Qg ^Q^ aq oi Suu'Baq jauijoj aqi asoddng ■uaqsanb ui 
ajaafqo aqi jo aauEqsip ju]nSuB aq] aq \\i» 'jauiaoj aqi jo jcqi pne 
laafqo siq-) JO SuiJBsq aq] uaaM^aq o:)u3jajgTp sqi '. uopuado aqi 
IBadaj piiB laafqo jaqio Xub oi luni uaqj^ •ncipuani apaiiSein 
aqi JO «)uiod qmos jo quou aqi uiojj laafqo aq) jo SiiLtesq lo 
qinuiizB oqi aq qiM 'auBA aqi uo pBajqi aqt qiiAV saptanios qsiqtii 
pjBa aqi uo iioiBiAip aqi puB 'jsaj oi a|paaa aqi Suuq 's 'Suuds 
aijl Siijqono] ^q 'udqi i pBiiaboi st 'iDdrqo laipo iue uioij asuR] 
-Bq) Ji!|nBuit JO 'qintuiZB asoqM siaafqo aqi jo auo siaasiq atiGA 
-iqSis aqj m pBSjqi aqi \\i% punoj luni 'd 'ii[s aqi qSnojqi 3ni 
-i(ooi ptiB 'aia aqi oi inauinjisu; aqi p[oq 'usjibj aq o% ajB sajSiia 
f»qi ajaqM aasjd aqi iBSuipuEis puB 'pjoa aqi no suoisiAip aqi jo 
tioieiA isuqBip ujBiqo noX jpun 'q 'joqaos sii ui niei.id aqi asjcj 
lEji^ 'aidmis XjaA si luaoinJlsni siqi Suisn jo poqiata aqj, 

■aauaiuoAuosui inoqii^ 
133|aod aqi in pauJBa aq ^bui i(aiqM 'aspa jaqisaj v in pajpsd 
SI o|oq« aqi piia 'xoq oqi oi pajdBpB Bi jaAoa y 'spoadap 
liiaoinjisui aqi jo XaaiftaaB aqi jo qanm luiod aqi jo saaiiauij 
aqi iiodn pun 'paaiiBiBq si ii qaiqav uodn iniod aqi iBaM ppoM 
a[paaii aqi jn HiiiiCB[d iiiBistioa aqi sb 'asn ftt loit si luatniuiSEn 
aqi waqM auop aq s^baub p(iioqB qaiqAi i aiiuaa sii ^o UAVOjqi aq 
Xma ajpaau aqi qaiqM ;Cq 'xoq aqi jo apis jaqio aqi ib paxg asi« 
•ajfq St doia y -]saj oi f jipsads ajoui i; sSuuq pna 'pjea aqi jo 
stioiiBJqiA aqi STfaaqa 'pasija[aj naqi puB 'uoiiHAJasqo jo auiii aqi 
IB jaSuy aqi ^ passajd Suiaq qaiqAv 'Suud's b UMoqs st '^ ly 

■xoq-tusud aqi jo apis 3uido[S aqi jbao iiMop 
patuni aq o) uioqi Sii|(H0[(b 'idb iaqi qaiqAi iiodn luiof aqi ! osod 
•jnd inqi ioj papuaiui aju 'jt) ib paitiasajdaj sassBi^ pa,itio[oa q 



J 




jCuui i; pu^ ig 'aiiBA-)i]2iK 3t|5 jjo jo uo apijs o) apmu 
'jojjTui B SI _j •dUkui'bo jo aauatuosiioa aiji joj 'xoq ani uodn 5C|j 
piB| oq iieo puB 'juiof a2uii[ b wodn bujih osjn suba aqi ; ^ijeiuoz 
-Uoi[ punoj xoq aqj Suiiuni ,fq 'laaftjo iuv ]33Siq oj iq3iiojq si 
ijaiqM 'qiSo3| si; jo uoipajip aip ui 'Suiuado sj; 2uo|c psqs^gji^i 
peajni ouTj B sBij aireA-it[3is Gi]j^ -3893 aijj o]iii ind wauM uo]i 
-isod sji Suiaq qnqi 'xoq-ssuilmoo aqi jo apis si[i oj aoAO paiunq 
oq UB.T 11 i{.)it[M ^q '(J 'luiof dSuiq b qii« paiunoui fii uisud !>i|J^ 
'iDdsiq A'kui pB9Jt|i aq; laafqo laAsjcqM jo i[]nuiizB sit^iiSBiu aqi 
SI 'is3j 3G Bi 3|pa3H aqi uaqM 'Bapiautoa pusiq] aqi qaiijM ^^/A 
noisiAip aqi piiB 'uiBud aqi qSnojqi 2ii;noo[ uo jaipaSof juadds 
pjBa'aqi uo suotsiAip a\\% puE 'g 'auBA-iqSis aqi jo pBajip JB]n3 
-ipuadjad oqx "luauinJiBUiaqi qjui SutAjaaqo ui qSnojqi si^oo[ 
ja.uasqo aqi TpiqA^ 'uisijd b si a : XaBjnasB jo aaaSap leqi oj uaAa 
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